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PREFACE 



The present work has attained much greater dimensions than was originally intended or was perhaps desirable. 
This is due to the large number of subjects treated, and to the fact that they are correlated, and, in many cases, 
overlap. 

It was necessary to deal with Physics, Chemistry, Botany, Zoology, Anatomy, Physiology, Psychology, and 
Palaeontology more or less in detail, as these all hang together and bear an important relation to each other in an 
inquiry such as the present. 

44 Design in Nature " has a far-reaching significance when proofs thereof are drawn from the cosmos as a whole, 
that is, from the Inorganic and Organic Kingdoms. If I had confined my researches to one groove, the task would 
have been light and the compass of the work small. The result, however, would not have been quite satisfactory, 
as Design is apparent in every part of the Universe, and in no one part more than in another. 

The work deals with many of the more important problems of Philosophy and Life so keenly discussed of late 
years not only by scientists, but also by the general public. To give breadth to the inquiry, the leading sciences 
have been laid under contribution, it being pointed out that the animal is indebted to the plant, and the plant to 
the Inorganic Kingdom — that all things living and dead are correlated and interact according to common laws, 
which alike govern the Inorganic and Organic Kingdoms. A Creator or First Cause, it is claimed, regulates and 
upholds everything. Nothing comes by chance. 

While it is hoped the work is (as far as possible) scientifically accurate and up to date, it is written in a popular 
style — all technicalities being avoided or explained. 

The great bulk of the text is original : care being taken to quote authorities when I am indebted to the labours 
of others. In not a few cases I give extracts from the writings of fellow- workers, in order that those interested may 
be fully informed and enjoy facilities for exercising their own judgment in difficult and disputed points. 

I have not hesitated to introduce matter from my own memoirs, papers, lectures, &c., published in the Philo- 
sophical and other Transactions, in Journals, and separately, when this seemed desirable. In these instances I give 
the references and dates, so that opportunities for consultation may be afforded to those desiring more extended 
information on any point treated. The matter so incorporated is not, in any case, to be regarded as superseding 
the source from which it is drawn. 

In order to sa ve the time of the reader, and simplify, as much as possible, the various complicated problems 
discussed, I have introduced into the work a comparatively very large number of illustrations. I have also taken 
great pains to make the illustrations accurate both as regards outline and detail : quite a large proportion of them 
being from photographs and drawings from actual specimens either by my artist, Mr. Charles Berjeau, or by myself. 
The illustrations when not original are (where practicable) duly acknowledged. 

I cannot too highly praise Mr. Berjeau's work. It is as artistic and beautiful as it is truthful and striking. 
But for his hearty co-operation and ungrudging labour under my own eye for several years, it would not have been 
possible to achieve the results aimed at. 

I have to express my cordial thanks to the Messrs. Butterworth of London for the admirable manner in which 
they have executed the numerous wood-cuts, engravings, &c., and to my Publishers, Messrs. Longmans, Green & Co., 
of London, New York, and Bombay, for the watchful vigilance and forethought displayed by them in everything 
pertaining to publication, for arranging important details, and for producing the work in an attractive and desirable 
form : nor must I omit favourable mention of my Printers, Messrs. Ballantyne, Hanson & Co., of Edinburgh, for 
their careful and delicate handling of the text and illustrations in their passage through the press. Lastly, my best 
thanks are due to numerous friends who have kindly assisted me in correcting the proofs. Of these I have specially 
to mention the names of Professor John Ferguson, LL.D., University of Glasgow ; H. Warren Jones, M.A., Oxon. ; 
Professor F. Jeffrey Bell, M.A. ; John H. Wilson, D.Sc. ; and John C. Bagot, Esq. 
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xxii PREFACE 

It only remains for me to state that the work has been divided into sections, which are numbered for easy 
reference. Each section is intended to be, as far as possible, complete in itself. It is, however, hoped that the 
reader will peruse the sections consecutively, as they are mutually explanatory. 

If the account given of the relations subsisting between the Inorganic and Organic Kingdoms serves to direct the 
attention of the reader to the wonderful adaptations of means to ends which everywhere obtain in the Universe, 
and which can only be explained by the existence of an intelligent Creator, Designer, and Upholder, the object which 
I have had in view will be fully attained. 

The Swallowgate, 

St. Andrews, 

Scotland. 



NOTE 

The manuscript of %% Design in Nature " was quite completed by the Author, and a considerable portion of the 
Work was printed under his direction. On his death, which occurred on January 30, 1908, the revision of 
the proof and the passage of the sheets through the press were entrusted to Dr. John H. Wilson, of 
St. Andrews University, with the assistance of Mr. H. Warren Jones, M.A., and the others named in the 
Preface. They have endeavoured faithfully to carry out the task allotted to them, but it is very probable that 
if the Author had lived to see the whole Work in type, means of improvement would have suggested themselves 
to him. The Index has been compiled by Dr. Wilson. 



INTRODUCTION 

The present work naturally and necessarily covers a wide field, from the fact that it attempts to trace Design, 
Order, and Purpose in the inorganic and organic kingdoms, especially the latter. 

It concerns itself not only with inorganic matter and physical force, but also with organic matter, vital force, 
and intellect. 

It seeks to explain, so far as that is possible, the combinations and movements of atoms and molecules in 
dead and living matter, particularly where growth is concerned ; growth and force frequently acting on essentially 
the same lines, as witness the formation of dendrites, frost-pictures, lightning-imprints, the branching of plants, 
and the division and distribution of blood-vessels, &c., in animals. 

It aims at showing that growth occurs in specific or predetermined directions ; that atoms and molecules under 
the influence of life coalesce to form cells, and that from cells all, or nearly all, the tissues of plants and animals 
are produced. 

It attempts to demonstrate that atoms and molecules obey certain laws, and that they are under control, and 
arrange and group themselves in straight lines, radiating and otherwise ; in curves and circles concentric and 
otherwise ; in spirals single, double, and multiple, and in the several forms common in crystals, plants, and animals. 

It strives to refer the formative processes of certain crystals and certain plants and animals to the same or 
similar laws, to show how inorganic and organic products are built up, and how plants and animals tend to split 
and divide longitudinally and transversely to produce branching and segmentation. The branching is well seen in 
the majority of plants, and in the blood-vessels and other parts of animals. The segmentation is witnessed in the 
horse-tails among plants and in the vertebral column of animals. 

It endeavours to explain that in plants and animals there is gradation and advance from lower to higher forms, 
according to a gradually ascending scale, as apart from evolution or the production of the one from the other by 
unlimited modifications in unlimited time. It makes for advance, by the improvement of individuals and by the 
creation of higher types with varieties ; a state of matters which gives fixity with a certain amount of fluctuation ; 
the fluctuation being confined within prescribed limits in such a way as never to produce confusion. It is only in 
this way that the absence of connecting links in the geologic and other records can be explained. 

It relegates rudiments and vestiges and embryonic changes in the higher forms to a general plan, thus asserting 
and manifesting itself at every stage of the life histories of plants and animals. It is felt that the resemblances of 
the embryos of higher forms to the adults of flower allied forms afford no proof that the higher forms are manu- 
factured from the lower ones in the course of untold ages. If this theory were true, and if, as believed by many, 
the production of the lower forms was confined to a particular period, a time would inevitably come when no lower 
forms would be left ; the fact being that countless millions of such forms exist and always have existed. 

It advocates the doctrine that like produces like in endless sequence, and that each begets only its own kind. 
It asserts that plants and animals differ, and fundamentally differ, from each other from their first inception, and 
that there is no such thing as a universal sarcode or protoplasm common to all. The physical conditions of repro- 
duction are to a large extent the same as regards climate, atmosphere, moisture, heat, &c., and nothing short of 
fundamental differences in the ultimate embryonic elements themselves can account for the amazing multitude and 
variety of plants and animals found on the earth. 

It proclaims the belief that a nervous system (in the ordinary sense) is not necessary to what are essentially 
voluntary movements, and that myriads of lower forms act in definite directions and to given ends as apart from 
it. It further attributes to the lower animals with a nervous system a certain degree of consciousness and the 
power of reasoning ; the reasoning faculty being graduated and culminating in man. 

It endeavours to illustrate the several points alluded to above by constant references to structures and move- 
ments occurring in the two great kingdoms of nature, namely, the inorganic kingdom, represented by " brut " 
matter, and the organic kingdom, consisting of plants and animals in endless variety. 

It proceeds on the conviction that in the universe there is a store of matter and of force which, humanly 

speaking, can neither be increased nor diminished ; that all the matter which enters into the composition of plants 

and animals is taken from and ultimately restored to the inorganic kingdom ; that a certain proportion even of the 
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feme which actuates plants and animals is traceable to the same source ; and that the inorganic and organic 
are co-extensive, complementaL, conditioned, and correlated ; the one being made for the other. 

It attributes the production and correlation of matter, force, and mind to a Creator or First Cause. It advo- 
a primal power or force from which, directly or indirectly, everything proceeds. It is not possible to separate 
force from matter, and mind and intelligence from matter, as we know them. Intelligence in varying degrees is 
the product of certain forms of living matter. It is the mainspring of action in the universe. To it are to be 
icfciml all the creative acts, all the known elements, and all forms of force whether physical, vital, or mental. To 
it, deriga. law. order and the constitutions and movements of things in general are traceable. The spherical shapes 

well-defined movements of the heavenly bodies, and the symmetrical forms and regulated actions of plants 
, support this view. The intelligence of animals and of man is to be regarded as a special endowment — 
from the divine Intelligence, with this great difference, that in the creature it is finite, but in the 
Creator infinite. The Creator works in and through matter and mind, and has implanted reason, and conscious- 

of a kind, in varying degrees in the lower and higher organic forms. Originally, matter, force, mind and 
have a common source. This accounts for the interdependence of all created things, and for the 
harmony which characterises the inorganic and organic kingdoms. It also accounts for the uniformity of vital 
aad mental manifestations. No purely physical or mechanical explanation of the universe can suffice. Living 
thinfp are not automata, and life is a factor which cannot be overlooked. Neither can the abiding presence of the 
Deity be ignored when discussing the properties and powers of matter, and the peculiarities of mind and conscious- 
ness, whether in their rudimentary or advanced forms. 

Deviations from recognised laws are possible with the Creator. The Maker of all things can re-arrange without 
destroying His work. Aberrations apparent or real (and such do occasionally occur) are not, in a sense, miraculous. 

In the present work I endeavour to show that the combinations of matter, force, mind, and consciousness are 
practically endless. I seek to prove that inorganic and organic matter, and physical, vital, and mental force, are 
not opposed to each other ; that a Creator, Prime Mover, or First Cause is necessary to produce dead and living 
matter, and physical, vital, and mental force, and that the same laws, to a large extent, dominate all. 

I find everywhere in nature a well-ordered scheme, where everything, living and dead, fits into some other 
thing specially prepared to receive it. 

I observe law and order and specific arrangements and design throughout the entire cosmos. 

Nothing, so far as I can make out, is left to chance. There is no room for accident in the great scheme of the 
universe. The inanimate kingdom gives of its best to the animate, and in due time the animate repays its debt to 
the inanimate. The inanimate gives its substance and a considerable proportion of its force to the animate. The 
coming and going and give-and-take movements (essentially rhythmic in character) which obtain in the physical 
universe, and which are represented by day and night, the seasons, the rise and fall of the tides, Ac., are reproduced 
in various ways in plants and animals ; in respiratory movements and interchanges ; in circulatory movements ; 
in the ingress of food and the egress of effete matter ; in endosmotic and exosmotic currents which add to and take 
from living structures ; in secretion and excretion, in pulsating spaces, contractile vesicles, hearts, and so on. The 
great rhythms of the physical universe are transferred in a multitude of ways to the vegetable and animal kingdoms ; 
a circumstance of the deepest import, as showing that the inorganic kingdom is, in a sense, the parent of the organic 
kingdom, and that the two kingdoms are in complete accord, and complemental, even in matters of detail. All 
the movements in the inorganic and organic kingdoms are ordered, correlated, complemental movements. They 
bespeak a Creator, a Designer, an Intelligent First Cause. 

While we cannot penetrate the veil which conceals the beginnings of things, we are permitted and encouraged 
to reason about things as they are. If we find matter and force and the manifestations of mind everywhere present 
in the organic and inorganic kingdoms ; if the matter and force and mind are regulated by unalterable laws ; if 
traces of design and the most wonderful adaptations of means to ends present themselves on all hands ; we are forced 
to postulate not only a Creator and Prime Mover but also an Upholder. An intelligent agent of the highest con- 
ceivable kind becomes a necessity. It is not possible for a well-balanced mind to imagine that the universe, teeming 
with life and movement, correlated and interacting in the most extraordinary manner, is the result of accident. We 
cannot believe that the heavenly bodies marked out their own orbits, that the sea set its own boundaries, and that 
plants and animals with their wealth of structure nnd function are the offspring of accident. There is nothing in 
nature to countenance the doctrine of chance, of natural selection, and of spontaneous generation, which ignores a 
Creator and proposes to dispense with a First Cause and Design. Life, wherever it occurs, is transmitted. It is 
an emanation from the primordial source, in the same sense that the matter in which it is manifested is an emanation. 
The connection between the matter and force of the universe, and between plants and animals, is of the most 
intimate character. Life works in and through matter, which it is continually incorporating and discharging. The 
matter, and the force inhering in it, are, as a rule, readily available for the purposes of life ; the atoms and mole- 
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cules being so arranged that they admit of being easily separated and appropriated. Life selects and rejects at 
discretion both matter and force, and living things are superior to their surroundings. They are not the slaves of 
environment, and all the changes and modifications which occur in them, at every stage of their histories, primarily 
originate in themselves according to fixed laws. Environment, while it is indirectly associated with modifications 
up to a point, cannot be credited with the modifications, any more than it can be credited with the production of 
structures and organs. As a matter of fact, plants and animals are very little amenable to environment ; they are 
not moved by dead substances acting simply as stimuli, and are not irritable in the modern sense. They, as a rule, 
feel, but feeling and irritability are essentially different things, the one being natural, the other unnatural, that is, 
abnormal. Plants and animals are entities, and represent creations in time and space. They have their incomings 
and outgoings, their rise and fall ; their habitat is provided, their food assured, and quite an extraordinary degree 
of permanence guaranteed to leading types. Nothing is left to the fates ; not only are the essential factors of 
plants and animals provided for in the great scheme of nature, but trivial details are arranged and boundaries thrown 
up which restrict modifications and variations to comparatively narrow dimensions. In no case is endless modifi- 
cation permitted. Boundaries and limits are set to the changes and movements which occur in the inanimate and 
animate kingdoms, and everything that is is amenable to law and order, and virtually to the same law and order. 
There can be but one Creator, Regulator, and Upholder. 

I am wholly opposed to the theory of irritability, and its ally, extraneous stimulation, as applied to plants and 
animals. All my researches go to prove that plants and animals are masters within their own domain, and that 
they select, subjugate, and utilise matter in every form, whether that be solid, liquid, or gaseous. It is more reason- 
able to believe that living things inaugurate and regulate their own movements than that their movements are 
inaugurated and regulated by dead matter outside of themselves. While living things must be credited with sensi- 
tiveness, sensitiveness must not be confounded with irritability. Neither is responsiveness to external stimuli any 
proof of irritability of constitution in plants and animals. Finally, it does not follow that because plants and 
animals respond, within limits, to external stimulation, the external stimulation or outside influence is identical 
with the internal impulse which, under normal conditions, initiates and determines all the movements and functions 
of plants and animals. It is an error to suppose that plants and animals must, of necessity, be possessed of irritable 
constitutions, and be jogged into activity by externalities. Such views ignore the powers and potentialities of life, 
and regard plants and animals as mere automata, which they certainly are not. 

Plants and animals never lose their identity, or abrogate their powers. Climate and other external conditions 
only affect them up to a certain point. That there inheres in plants and animals a power of endurance, a power 
of resistance, and a power of initiation and adaptation is proved in various ways. Plants and animals of various 
orders protect themselves by developing structures calculated to ward off inimical influences. Thus plants which 
in temperate climates, where evaporation is moderate, have smooth stems and thin leaves, develop rough stems 
and thick fleshy leaves in tropical climates where evaporation is excessive and moisture has to be conserved and water 
stored. They also, in many cases, alter their shape and position and diminish or altogether dispense with leaves ; 
developing scales, prickles, hairs, &c., and exuding gums, waxes, and protecting varnishes. They likewise, in not 
a few instances, develop protecting epidermic cells and ligneous and other tissues. 

In the case of invasion by insects and grubs, plants throw up defensive works, as happens in the formation of 
briar and other galls. They protect themselves from poison wounds by exuding callous substances to prevent 
absorption of the materies morbi. Similar remarks may be made of animals. The skin of the European is white, 
thin, and dry ; that of the negro dark, thick, and oleaginous, and adapted to high temperatures. Animals in the 
Arctic region have their skins protected by an abundance of fur. In tropical climates, animals have fine coats of 
hair or are hairless and thick-skinned, as witness the elephant, rhinoceros, and hippopotamus. The fact that plants 
and animals adapt themselves to their surroundings for their own protection and comfort lends no countenance to 
the doctrine that they are a prey to circumstances, and wholly at the mercy of external conditions and environment. 

The time has now come when, it appears to me, the subject of environment, irritability, and external stimulation 
must be reconsidered. Environment undoubtedly exercises a certain influence on the structural peculiarities and 
movements of plants and animals, but the influence is of an indirect and limited character, and all changes of 
structure, and all movements resulting therefrom, begin and terminate in the plants and animals themselves. 
In other words, environment does not act as a cause in the strict and proper acceptation of that term, and it 
does not, however great the time allowed, alter plants and animals beyond recognition. Mr. Charles Darwin in part 
realised this fact. In his " Origin of Species by Means of Natural Selection " he says (p. 11) : " We clearly see that 
the nature of the conditions is subordinate in importance in comparison with the nature of the organism in 
determining each particular form of variation." He, however, modifies and virtually alters his opinion in other 
passages, for he adds (p. 46) : ? Changed conditions of life are of the highest importance in causing variability, both by 
acting directly on the organisation, and indirectly by affecting the reproductive system. . . . Variations of all 
vol. I. d 
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and degrees are directly or indirectly caused by the conditions of life to which each being, and more especially its 
ancestors, have been exposed." 

Dr. St. George Mivart states the case as follows : " It seems, then, to be undeniable that the characters and 
the variation of species are due to the combined action of internal and external agencies acting in a direct, positive 
and constructive manner." l It will be seen that Dr. Mivart, while attributing the characters and the variation 
of species to the operation of internal and external agencies, properly assigns the internal agency the first place. 

It has been customary of late years, especially on the Continent, to ignore a First Cause and the Design which 
a First Cause implies, and to attribute the universe and everything it contains to a chance assemblage of material 
particles ; to matter fashioning itself ; to matter assuming movements and life, and, in the fulness of time, evolving 
from a monad to a man. 

Thus Professor Ernst Haeckel says : " The homogeneous, viscid, plasma substance, which singly and alone 
formed the bodies of the first organisms, and even at this day quite alone forms them in the case of the monera, or 
simplest amoebic forms, is analogous to the tenacious and viscid planetary substance which contains the elements 
and substance of the young earth, as well as the other glowing world bodies. In both cases the form of the creation 
happened, not through the capricious interference of a personal Creator, but through the original power of matter 
fashioning itself. Attraction and repulsion, centripetal force and centrifugal force, condensation and rarefaction of 
the material particles, are the only creative powers, which at this point lay the foundations of the complicated 
structure of creation." 2 

This is the position taken up by extreme evolutionists. Nothing, however, is gained by accepting such an 
exacting hypothesis, which seeks to set aside a Creator, Design, and Law and Order in the old sense, and to sub- 
stitute what is practically a stone for bread. Ex nihilo nihil fit. 

Matter cannot possibly create itself, and cause and effect obtain in the Universe as we know it. It is more 
rational to believe in a First Cause and Design than to leave everything to a fortuitous concatenation of circum- 
stances. In the one case there is law and order and the adaptation of means to ends from the beginning ; in the 
other there is uncertainty, confusion, and marked disorder. The gulf between life and death is wide and deep, 
but evolutionists, with an assurance worthy of a better cause, perseveringly ask us to take a stupendous leap 
in the dark without, in a sense, looking before or behind. They say, in so many words, that inanimate or 
dead matter can create itself, can usurp life, can develop intellect, and can control and shape the destinies of 
men and nations. 

Every intelligent being, however, who is capable of thinking and reasoning, has in himself the evidence of an 
absolutely opposite state of things. He knows that he can control and change the shape of inanimate matter. 
He further knows that he can control and alter the direction of physical force. 

Notwithstanding all this, evolutionists calmly and confidently invite us to believe that matter, dead mattery 
is eternal and omnipotent, and that everything that exists is produced from it, in the lapse of time, by infinite per- 
mutations. They assert that, given sufficient time and sufficient modifications, " brut " matter assumes and exercises 
the prerogative of life and produces rudimentary plants and animals which trend upwards, and ultimately culmi- 
nate in man. Evolutionists assuredly make large demands upon our credulity, if not upon our reasoning faculties, 
and in doing so they intentionally or unintentionally take for granted what requires to be proved : theirs is a case 
of petitio principii pure and simple. Educated, thoughtful men may be pardoned if they gravely shake their heads 
and refuse to accept a theory which virtually asks them to suppress their reasoning powers, and to keep their judg- 
ments indefinitely in abeyance. 

There are serious objections to the evolutionist view in its extreme form. Thus there are breaches of continuity 
and gaps in the geological record which apparently cannot be bridged over. There are, moreover, existing plants 
and animals on which little or no change has occurred for untold ages. It happens also, that when a race of plants 
and animals becomes extinct, they are, in not a few instances, replaced by forms not occupying a higher position 
in the scale of being. The continuous upward trend claimed for plants and animals by evolutionists is not uniform 
or universal. Certain plants and animals in geological time culminate or attain perfection and then deteriorate or 
altogether disappear. Parasites, in many cases, afford examples of retrogression. 

Egyptian and Chaldean tombs, monuments, temples, and writings conclusively show that man has not changed 
perceptibly for at least 6000 years. The same is to be said of many plants. Mr. William Carruthers, a high 
authority in botany, has shown (British Association Proceedings, 1886) that the earliest vegetable specimens 
described by Dr. Schweinfurth from the Egyptian tombs present no appearance of change. This fact appears also 
in the leaves and other organs of plants preserved in the nodules of the Pleistocene clays of the Ottawa, and in 
specimens of similar age found in various places in Britain and the Continent of Europe. One of his illustrations 

1 "On the Development of the Individual and the Species." (Proceedings of the. ZooUxjieal Society, June 17. 1884. p. 472.) 
* Haeckel, "Natiirliehe Schopfungsgeschichte," p. 266. Berlin, 1868. 
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is the ancient willow, Salix polaris, which now Uvea in the Arctic regions, and is found fossil in the PI 
at Cromer and Bovey Tracey. 

Professor Huxley, in his lecture " On the Hypothesis of Evolution," in discussing the permanent 
remarks : " The progress of research has supplied far more striking examples of the long duration of spei 
of life than those which are furnished by the mummified ibises and crocodiles of Egypt. A remarkable\ 
found in the neighbourhood of the Falls of Niagara. In the immediate vicinity of the whirlpool, and ag 
Goat Island, in the superficial deposits which cover the surface of the rocky subsoil in those regions, there are found 
remains of animals in perfect preservation, and among them shells belonging to exactly the same species as those 
which at present inhabit the still waters of Lake Erie . . . We are fairly justified in concluding that no less a period 
than 30,000 years has passed since the shell-fish, whose remains are left in the beds to which I have referred, were 
living creatures. 

" But there is still stronger evidence of the long duration of certain types. • I have already stated that, as we 
work our way through the great series of the Tertiary formations, we find many species of animals identical with 
those which live at the present day — diminishing in numbers, it is true, but still existing, in a certain proportion, 
in the oldest of the Tertiary rocks. Furthermore, when we examine the rocks of the Cretaceous epoch, we find 
the remains of some animals which the closest scrutiny cannot show to be, in any important respect, different from 
those which live at the present time. That is the case with one of the Cretaceous lamp-shells (Terebratula) which 
has continued to exist unchanged, or with insignificant variations, down to the present day. . . . Hence it must 
be admitted that certain existing species of animals show no distinct sign of modification or transformation in the 
course of a lapse of time as great as that which carries us back to the Cretaceous period ; and which, whatever its 
absolute measure, is certainly vastly greater than thirty thousand years." l 

Sir J. William Dawson in his " Geological History of Plants " (p. 110) conclusively shows that plants do not always 
advance as time rolls on, but that they occasionally deteriorate, and even disappear. Thus he states that " the old 
Cambrian and Silurian seas were tenanted with seaweeds not very dissimilar from those of the present time. . . . 

" Ascending from the Erian to the Carboniferous System . . . we are still within the limit of the Palaeozoic 
period and the reign of the gigantic club-mosses, cordaites, and taxine pines. At the close of the Erian there had 
been over the whole northern hemisphere great changes of level, accompanied by active volcanic phenomena, and 
under these influences the land flora seems to have much diminished. At length all the old Erian species had 
become extinct, and their place was supplied by a meagre group of lycopods, ferns, and pines of different species 
from those of the preceding Erian. This is the flora of the Lower Carboniferous Series. . . . But the land again 
subsided, and the period of the marine limestone of the Lower Carboniferous was introduced. In this the older flora 
disappeared, and when the land emerged we find it covered with the rich flora of the coal formation proper, in which 
the great tribes of the lycopods and cordaites attained their maxima, and the ferns were continued as before, though 
under new generic and specific forms. There is something very striking in the succession of a new plant world without 
any material advance." 

The curious and interesting aquatic plants known as Rhizocarps seem to have reached a climax in the Erian 
age, since which time they have occupied an inferior position. 

The Lycopods " have long ago descended from their pristine eminence to a very humble place in nature." 2 The 
ferns too have deteriorated, although " in the southern hemisphere at least they retain their arboreal dimensions 
and ancient dominance." Similar remarks may be made of the Equisetacese, which in the older time formed con- 
siderable sized trees. In the Erian forests the family of Cordaites flourished, but has long since perished. 

A question of considerable importance arises here in connection with the modern theory of the " Origin of Species 
by Means of Natural Selection." This theory proceeds on the assumption that species are formed by modifications 
and variations with an upward trend extending over long periods ; the modifications and variations conveniently 
ceasing when a new species is formed — the species which was formed by fluctuation becoming somewhat suddenly 
fixed and permanent. It may reasonably be urged that it is not possible or allowable to fix limits arbitrarily to 
modifications and variations in plants and animals at any one stage, if these changes are taken for granted and 
recognised at all previous stages : logically the changes with an upward trend must go on. In other words, if changes 
are necessary to form a species, it is illogical to dispense with them when a certain point is reached, the causes which 
produce the changes still existing. This circumstance of itself goes far to prove the necessity for types, or points 
of departure for plants and animals ; types being central creations to which plants and animals recur or breed back 
when they have strayed by variation under peculiar circumstances, accidental or otherwise. 

There would seem to be, not only types or central forms for plants and animals in the scheme of creation, but 
also an arrangement whereby type3, like individuals, grow, increase, and perfect themselves up to a certain point, 
after which they cease to grow, diminish, deteriorate, and disappear. The great size and importance attained by 

1 "Lectures and Essays by Thomas Henry Huxley" (Macmillan's series). Loudon, 1904 ; }»ges 22 and 23. * Op. cit., p. 78. 
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the Equisetaceae in plants, and the Nautilidae in animals in geologic as compared with modem time, support this 
view. 1 The view here advocated would account (or the disappearance of races of plants and animals in the pre- 
historic period, and for otherwise unaccountable gaps in the geologic record. Plants and animals, as already 
explained, are conditioned. Atmospheric changes, varying climatic states, the rise and subsidence of land, volcanic 
upheavals, the unequal distribution of mountains, plains, islands, seas, lakes, rivers, <fec, would largely account for 
the appearance of new plants and animals on the globe, for their continuance thereon in some cases for practically 
indefinite periods, and for their deterioration and complete disappearance in others. Their appearance, continua- 
tion, and disappearance, there can be little doubt, are regulated by design, law, and order, and it seems certain 
that plants and animals appear, live, and disappear, and keep pace with the changes incident to the physical universe, 
particularly the earth. Plants and animals, as has been pointed out, are complemental parts of the great scheme 
of nature ; the organic and inorganic kingdoms being conditioned, correlated, and made for each other. Plants and 
animals are made from and for, but not by, the physical universe. 

While the heavenly bodies and movements proclaim Creative Energy, Law, and Order on a grand scale, the 
prevalence of plants and animals in such profusion and variety on the earth, each of which is cared for even in matters 
of detail, attests the existence of an Omnipresent, All-ruling Providence. The interdependence of the inorganic 
and organic kingdoms, and the prevalence of essentially the same law and order in both, further declare that the 
Great First Cause, Prime Mover, and Upholder is one and indivisible. 

The magnitude of the creative acts and the enormous antiquity of the universe conclusively point to the eternal 
nature of the Being by Whom, and through Whom, everything exists. His presence in matter, force, life, and 
intellectual manifestations of all kinds can scarcely be gainsaid if the reasoning faculties be allowed free play and 
the dictates of conscience followed. 

As I cannot conceive of the earth with its gradual but stupendous changes of atmosphere, climate, distribution 
of continents, mountain ranges, islands, seas, lakes, rivers, volcanic upheavals, &c., as apart from Design, Law, and 
Order, so I cannot imagine the great races of plants and animals in geologic and modern time as other than fixed, 
in the sense that their forms and functions, their duration and their distribution, have limits which may not be 
exceeded. The symmetric nature of plants and animals, their life- histories, their birth and death, their tendency 
to breed back, their unwillingness to form hybrids, the barrenness of hybrids in the majority of cases, &c., all point 
to a well-ordered plan which, amid much apparent fluctuation and mutability, nevertheless remains immutable. 

The remarkable resemblances between plants and animals in many cases, to say nothing of the likeness of both 
to crystals, dendrites, spiral, and other inorganic forms and combinations, conduct to similar conclusions. 

It is an astonishing fact, and one deserving of very special attention, that the crystallic and dendritic arrange- 
ments seen in frost-pictures on window-panes and pavements in winter, in certain minerals and metals, in the 
lightning flash obtained by instantaneous photography, or as it impresses itself on the human skin, are reproduced 
in infinite variety in plants and animals. Nor less astounding is the circumstance that the spiral arrangements which 
everywhere obtain in plant and animal structures and movement have their prototypes and counterparts in the 
physical universe ; in the spiral arrangements of nebula? ; in spiral waterspouts and sand-storms ; in whirlpools of 
air and water, &c. These cannot be chance coincidences. The same laws evidently apply to the organic and in- 
organic kingdoms. There is, it appears to me, no possibility of getting away from a First Cause, Design, Law, and 
Order when the facts are squarely looked at. 

The modern arguments in favour of evolution, instead of destroying the arguments for a First Cause and Design 
as factors in creation, do not, it appears to me, raise serious objections, and scarcely touch the hem of the subject. 

If evolutionists have nothing to offer but crude conjecture and wild speculation, they are not entitled to sap 
and destroy the foundations and superstructures of a former, and on the whole satisfying, belief. Better to leave 
well alone than to attempt to ground our faith upon what is virtually an ignis /atuus. A doctrine is not necessarily 
scientific and profound because it is destructive and unintelligible. 

I may not succeed in marshalling and stating the evidence in support of a First Cause and Design with all the 
skill or force desirable, but holding the views expressed above, I feel it incumbent upon me to make at least 
the attempt. 

While the spiral and other arrangements discussed in the present work exist in the inorganic and organic 
kingdoms alike, I hope to be able to show that in the latter, as seen in plants and animals, they are due to design 
and to the operation of life and of growth, and very little, if at all, to external stimulation. Plants, in many cases, 
twine and revolve, and bones, muscles, horns, and shells twist and coil spontaneously because of inherent bias, and 
as apart from irritability and artificial stimuli of all kinds. Similar remarks are to be made of the spiral arrange- 

1 "In the Palwozoio age the club-mosses, ferns, and horse-tails engrossed the world and grew to sizes and attained degrees of complexity 
of structure not known in modem times." The cuttle-fishes in the olden time were greatly in excess of those existing in the present day. They 
were not only more numerous and represented more species, hut they were also more liiglily developed and complicated as regards structure. 
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ments met with in the stems and vessels of plants, leaves, hairs, fruits, &c. ; in the nerves, the umbilical cord, the 
cochlea of the ear, the ventricles of the mammalian heart, the stomach, bladder, uterus, &c. All these structures 
are spiral because of original endowment and bias. 

An outstanding argument in favour of Design and Original Purpose is to be found in the give-and-take move- 
ments or rhythms common alike to the inorganic and organic kingdoms. The physical universe gives to and takes 
from plants and animals light, heat, moisture, &c., during the day and night, and the seasons. The importance 
of day and night and the seasons to plants and animals cannot be over-estimated. These changes ensure periods 
of activity and periods of comparative repose ; periods for feeding and growing ; periods for reproducing, &c. If 
there were no alternations of day and night and of the seasons, the whole economy of plants and animals would be 
changed. They would cease to be healthy, and would probably cease to exist. 

Day and night and the seasons are due to well-known cosmic changes ; namely, to the rotation of the earth 
on its axis every twenty-four hours, and to the earth revolving round the sun once in 365 days. The sun and light 
and the earth, and the earth's atmosphere, were necessarily created before plants and animals. The latter are 
parts of a designed whole. 

The unfailing recurrence of day and night and the seasons were all considered before plants and animals were 
formed. The inorganic and organic kingdoms were clearly made for each other, and form complemental parts of 
one great scheme. 

" Oldest of all the formations known to geologists, and representing perhaps the earliest rocks produced after 
our earth had ceased to be a molten mass, are the hard, crystalline, and much contorted rocks, named by the late 
Sir W. E. Logan Laurentian, and which are largely developed in the northern parts of North America and Europe, 
and in many other regions. ... In the lower part of this great system of rocks which, in some places at least, is 
thirty thousand feet in thickness, we find no traces of the existence of any living thing on the earth. But in the 
middle portion of the Laurentian, rocks are found which indicate that there were already land and water, and that 
the waters and possibly the land were already tenanted by living beings. The great beds of limestone which exist 
in this part of the system furnish one indication of this. . . . The climate and atmosphere of the Laurentian may 
have been well adapted for the sustenance of vegetable life. We can scarcely doubt that the internal heat of the 
earth still warmed the waters of the sea, and these warm waters must have diffused great quantities of mists and 
vapours over the land, giving a moist and equable if not a very clear atmosphere. The vast quantities of carbon 
dioxide afterwards sealed up in limestones and carbonaceous beds must also have still floated in the atmosphere and 
must have supplied abundance of the carbon, which constitutes the largest ingredient in vegetable tissues. Under 
these circumstances the whole world must have resembled a damp, warm greenhouse, and plants loving such an 
atmosphere could have grown luxuriantly. In these circumstances the lower forms of aquatic vegetation and those 
that love damp, warm air and wet soil would have been at home. ... 

" It may fairly be assumed that in the present world, and in those geological periods with whose organic remains 
we are more familiar than with those of the Laurentian, there is no other source of unoxidised carbon in rocks than 
that furnished by organic matter, and that this has obtained its carbon in all cases, in the first instance, from the 
deoxidation of carbonic acid by living plants. . . . 

" In the later geological formations the limestones are mostly organic — that is, they consist of accumulated 
remains of shells, corals, and other hard parts of marine animals." 

Sir William Dawson, to whom I am indebted for the foregoing extracts, furnishes the annexed table indicating 
the order in which plants and animals appeared on the earth. 1 

It will be seen from the table on p. xxx that plants and animals become more complex with the advance of 
time, there being what may be regarded as types of plants and animals, and an ascending series in both. Thus the 
Eozoic age furnished Protogens and Algae in plants, and Protozoa in animals ; the Palaeozoic age, Acrogens and 
Gymnosperms in plants, and Invertebrates, Amphibians, and Fishes in animals ; the Mesozoic age, Cycads and Pines 
in plants, and Reptiles in animals ; the Kainozoic age, Angiosperms, Palms, Sec., in plants, and Mammals and Man 
in animals. 

It also shows that creation, considered from the geologic standpoint, is a progressive work, that is, a work which 
consists of stages and has been accomplished at different times. This was a priori to be expected. The earth and 
its climate had to be prepared for the advent of plants and animals, and the plants and animals were created in 
succession, and varied according to the condition of the earth and climate at particular periods. This accounts 
for the prevalence of rank vegetation and huge animals at one period of the earth's history, and for a less luxuriant 
vegetation and a more refined fauna at another. It also accounts for changes in the flora and fauna of different 
regions of the earth at different times, due to vicissitudes of climate ; the remains of temperate and tropical plants 
and animals being not unfrequently found in the same district. 

1 "The Geological History of Plants" (Intel-national Scientific Series, London, 1888, pp. 4 and 8). 
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If (and I think the point must be conceded) creation is a progressive work, a strong argument is furnished 
for separate creative acts. If, moreover, separate creative acts follow changes in the earth's crust and climate, the 
inference is that the creation of plants and animals, and modifications thereof, go on in the present day as in past 
ages, all which means that the Creator or First Cause is at work now as He has always been and will continue to be 
while the world lasts. The Creator, in this sense, is to be regarded not only as the Framer but also as the Upholder, 
Regulator, and Sustainer of the Universe. This, on the whole, is the most comforting and sensible view to take of 
creation, as it guarantees to plants and animals a home, food, and constant supervision ; and to man security both 
as regards the here and the hereafter. Creation as a progressive work differs from evolution in the sense that the 
different types of plants and animals which prevail now and which prevailed in the past are produced separately, 
and are not manufactured the one from the other in endless sequence by infinite modifications in infinite time. 
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Dana estimates " that the time-ratios for the first three great ages may be as one for the Kainonric to three 
for the Mesozoic and twelve for the Palaeozoic, with as much for the Eozoic as for the Palaeozoic. ... It is further 
held that the modern period is much shorter than the other periods of the Kainozoic, so that our geological table may 
have to be measured by millions of years instead of by thousands." Geological time, there can be little doubt, " has 
been vastly long in comparison to that covered by human history." One of the most astonishing circumstances con- 
nected with the Laurentian period is the appearance of protoplasm, chlorophyll, and cells as pointed out by Sir 
William Dawson. He writes, 1 " In any case we have here presented to us the strange and startling fact that the 
remarkable arrangement of protoplasmic matter and chlorophyll, which enables the vegetable cell to perform, with 
the aid of solar light, the miracle of decomposing carbon dioxide and water, and forming with them woody and corky 
tissues, had already been introduced upon the earth. It has been well said that no amount of study of inorganic 
nature would ever have enabled any one to anticipate the possibility of the construction of an apparatus having the 
chemical powers of the living vegetable cell. Yet this most marvellous structure seems to have been introduced 
in the full plenitude of its powers in the Laurentian age." 

As indicating the very close connection which obtains between the organic and inorganic kingdoms it need only 
be stated that plants and animals require light and darkness, heat and cold, moisture and drought, and a great 
variety of cosmic conditions of a give-and-take, rhythmic character which physics, and the movements of the 
heavenly bodies, can alone supply. But (and this is the remarkable circumstance) plants and animals, as indicated, 
exhibit give-and-take, rhythmic movements of their own. The cosmic rhythms are repeated, and, as it were, per- 
petuated in plants and animals. Without them plants and animals could not possibly exist. Plants and animals 
of necessity take in pabulum and give off waste products at intervals. The intake and output movements are 
essentially interrupted rhythmic movements. Plants and animals feed and evacuate at intervals, they work and 
rest at intervals, they reproduce themselves at intervals. Everything about them is of the give-and-take order. 
Even in plants and animals consisting of single cells the give-and-take movements occur. In these rudimentary 

1 "Geological History of Plants," p. 18. 
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organisms there is an ingoing endosmotic or nutritive current and the outgoing exosmotic or waste product current. 
These currents vary in activity at intervals. The ingoing and outgoing currents are largely determined by the 
osmotic nature of the wall bounding the cell, and by the varying densities of the fluids within and without the cell. 
The ingoing and outgoing currents, essentially osmotic in their nature, occur in individual cells, and are to be 
regarded as primary, fundamental currents. Given living cells, cell contents, cellular plants and animals, plus 
moisture, ingoing and outgoing currents become a necessity. These currents are indispensable alike to the 
lowest and highest plants and animals. Plants and animals can have no health as apart from the more or less 
constant inflow and outflow of gases, fluids, and semi-solids into and out of their bodies. The ingoing and outgoing 
currents are required to change at shorter or longer intervals all the particles entering into the formation of plants 
and animals, and plants and animals are healthy in proportion as the currents are vigorous, well maintained, and 
duly balanced. If the ingoing currents are in excess there is turgescence, oedema, and swelling ; if defective, there is 
shrinkage and diminution of bulk. From the foregoing, it will be evident that plants and animals, and all parts 
thereof, are constantly changing, and that there is no such thing as stability, in the literal acceptation of that term, 
in the organic kingdom. The same is to be said of the inorganic kingdom. The want of stability or the ceaseless 
ebb and flow of matter without and within living plants and animals make the examination of atoms and molecules 
imperative in the present work. This follows for four reasons : — 

(a) Plants and animals are primarily and fundamentally composed of atoms and molecules, and these, in turn, 
form cells and cell structures. 

(b) Atoms and molecules are continually entering into and leaving plants and animals. 

(c) Reproduction and growth and all the changes occurring in plants and animals are dependent on atoms and 
molecules, and the cells formed by them. 

(d) Movements of all kinds, be they great or small, connected with the circulation, respiration, locomotion, &c., 
originate in atoms and molecules. 

In the present work I propose to deal more especially with life, growth, and movement as indicating design ; 
life determining the amount and direction of growth ; growth determining form, particularly radiating, concentric, 
and spiral form, and life, growth, and form determining movement ; notably the centripetal, centrifugal, and spiral 
movements ; the latter occurring in climbing plants, the viscera, the circulation, and in walking, swimming, 
and flying. 

I also deal, incidentally, with the reproductive and nervous systems ; a knowledge of both being necessary to 
a just comprehension of the activities of plants and animals. A nervous system, or its equivalent, there is reason 
to believe, may be predicated of plants and animals alike. The parts of the work devoted to the viscera, the circu- 
lation, and the locomotion of animals were largely written by me in the form of Memoirs communicated to, 
and published by, various learned societies between the years 1864 and 1873. Of these and other contributions I 
append a list : — 

"On the Arrangement of the Muscular Fibres in the Ventricles of the Vertebrate Heart, with Physiological Remarks." (Proc. Roy. Soc. 
Land., April 19, 1860, and Phil. Tram., Part II., 1864.) 

"On the Relations, Structure, and Functions of the Valves of the Vascular System in Vertebrata. " {Trans. Rmj. Soc. Edin., vol. xxiii., 1864.) 

" On the Ganglia and Nerves of the Heart and their connection with the Cerebrospinal and Sympathetic Systems in Mammalia." {Proc. Roy. 
Soc. Edin., 1865.) 

"On the Muscular Tunics of the Stomach in Man and other Mammalia." {Proc. Roy. Soc. Lond., 1867.) 

"On the Muscular Arrangements of the Bladder and Prostate, and the Manner in which the Ureters and Urethra are Closed." {Phil. Trans., 
Part I., 1867.) 

"On the various Modes of Flight in Relation to Aeronautics." {Proc. Roy. Instit. of Great Britain, March 22, 1867.) 

"On the Mechanical Appliances by which Flight is attained in the Animal Kingdom." {Trans. Linn. Soc., vol. xxvi., read June 6 
and 20, 1867.) 

"On the Physiology of Wings ; being an Analysis of the Movements by which Flight is Produced in the Insect, Bird, and Bat." [Trans. Roy. 
Soc. Edin., vol. xxvi., 1871. Received by the Society, August 2, 1870 ; read January 16. 1871.) 

"On the Relation of Plants and Animals to Inorganic Matter, and on the Interaction of the Vital and Physical Forces." {Lancet, 
November 5, 1873.) 

"Animal Locomotion, or Walking, Swimming, and Flying." (Anglo-American Series, London, 1873.) 

"The Physiology of the Circulation in Plants, in the Lower Animals, and in Man." {Edin. Med. Journ., 1872 : Macmillan & Co., Lond., 1874.) 

"Man in his Anatomical, Physical, and Physiological Asj>ects." {Lancet, November 1875.) 

" Flight and Flying Machines." {Ency. Britannica, 9th ed., vol. ix., Edin., 1879.) 

"The Phonograph or Speech Recorder in its Relation to the Human Voice and Ear." {Modern Thought, February 1882.) 

" Creation— Man's place in Creation— his Development and Education from a Science Point of View." {Brit. Med. Journ., November 1882 ; 
and Educational Times, December 1882.) 

41 Civilisation a Result of Intellectual Progress." (Not yet published.) 

11 The Brain and Nervous System in their Relation to Mind, or the Correlation of the Physical and Psychical Forces." (Not yet published.) 

4, On the Formation of Crystals, Dendrites, Spiral and other Structures in Relation to Growth and Movement, especially Rhythmic 
Movement." {Edin. Med. Journ., March and April 1901.) 
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DESIGN IN NATURE 
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INORGANIC AND ORGANIC MATTER DISTRIBUTED ACCORDING TO THE SAME 
GENERAL LAWS: GLOBULAR, CONCENTRIC, CURVED, SPIRAL, RADIATING, 
BRANCHED, AND SEGMENTED ARRANGEMENTS OF MATTER. MOVE- 
MENTS AND RHYTHMS IN THE INORGANIC AND ORGANIC KINGDOMS 
—A FIRST CAUSE NECESSARY 1 

§ i. Atoms and Molecules under Guidance. 

The distribution and movements of atoms and molecules in the universe, especially that part of it forming the 
organic kingdom, is of the utmost importance in biology and physiology. No one, so far as I know, has succeeded 
in giving a complete explanation of them. 

Atoms and molecules, there can be little doubt, move and are moved, and arrange themselves under the 
operation of a First Cause, as represented by life and physical force — gravitation, attraction, repulsion, changes 
of temperature, condensation, rarefaction, osmose, &c. 

Newton and Swedenborg held strongly to a First Cause. 

Newton, when speaking of the formation of the sun and fixed stars, says : " I do not think (this) explicable 
by mere natural causes, but am forced to ascribe it to the counsel and contrivance of a voluntary agent." 

In like manner, Swedenborg remarks " that nothing can be truly known of the visible world without a know- 
ledge of the invisible, for the visible is a world only of effects, while the invisible, or spiritual, is a world of causes." 

Haeckel and Tyndall reject a First Cause. They attribute everything to a power inhering in matter as 
matter, in virtue of which it assumes shape and movement, as apart from a Creator and as apart from life. 

Kant, Herschel, Laplace and others endeavoured to explain the existence and movements of the heavenly 
bodies by what is known as the nebular hypothesis. Laplace was of opinion that the matter of the solar system 
" existed originally in the form of a vast, diffused, revolving nebula, which, gradually cooling and contracting, threw 
off, in obedience to mechanical and physical laws, successive rings of matter, from which subsequently, by the same 
laws, were produced the several planets, satellites, and other bodies of the system." 2 

Descartes attempted to account for the formation of the universe, and the movements of the bodies com- 
posing it, by a theory of vortices. 

It will be observed that all the philosophers referred to assume the existence of matter. It is the distribution 
and movements of matter, not only in the physical universe, but also in the vegetable and animal kingdoms, which 
is still sub judice. 

1 What is written under this heading first appeared in an article, entitled "On the Formation of Crystals, Dendrites, Spiral, and other 
Structures, in Relation to Growth and Movement, esj>ecially Rhythmic Movement," by the author, in the Edinburgh Medical Journal under dates 
March and April 1901. The article is now reproduced with its original illustrations, which were too numerous and costly for any journal to 
undertake. It has been re-cast, and short connecting passages added to introduce the illustrations, but with these exceptions it is as when first 
published -. the form but not the sulistance has been slightly altered. 

* An alternative to Laplace's theory of the formation of planetary systems is suggested in an article by Mr. F. R. Moulton, of Chicago 
University, in the Astrophysical Journal, October 10, 1905. In 1900 this writer and Prof. T. C. Chanilxrlin examined the older hypothesis 
from the dynamical stand]>oint, and discovered, as they believed, certain contradictions which induced them to frame a new theory. 

The theory now suggested supposes that the planets and their satellites have been formed around primitive nuclei of considerable dimensions 
existing in a spiral nebula probably similar to those which Prof. Keeler showed to be many times more numerous than all the nebulw of other 
types. 

The growth of each nucleus, according to them, is caused by the gradual accretion of smaller masses, and the method of this growth, it 
is suggested, accounts for all the different types of bodies now found in the solar system, and for their present motions and velocities, on dynamical 
principles. 

Tiie original spiral nebula is supjmscd to have l>een formed by the near approach of another star to the body which is now our sun. This 
exterior attraction, it is assumed, set up tides in the solar matter, and, being continued, caused immense masses to be ejected and drawn out into 
the spiral form. On this assumption the spiral would emerge from the central nucleus in two directions on opposite sides, and this is the form 
generally shown in photographs of such nebula. (Short notice in Nature of November 23, 1905, headed "The Evolution of the Solar 
System. ') 
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2 DESIGN IN NATURE 

Atoms and molecules for the most part display a tendency to assume symmetric forms and to dispose them- 
selves in straight lines or in curves ; the curves forming spheres, circles, and spirals, especially the latter. As a 
consequence, increase, growth, and development in the inorganic and organic kingdoms proceed in one or other of 
the directions indicated. 1 . .• j\ \ '•' 



§2. Straig-ht j V«e,'-. Radiating, Concentric and Spiral Formations with Traces of Segmentation. 

.. :*tfhat\I designate straight-line formations produce bodies bounded by plane surfaces ; the curved formations 

■. producing spherical, circular, and spiral structures and modifications thereof. The straight-line formations are 

' "represented by crystals of every form and variety, crystallites, and dendrites ; the latter branching and assuming 

_ a characteristic tree-like shape, with, in some cases, a certain amount of 

segmentation. Crystals are formed by aggregations of atoms and molecules 

from without ; the additions, for the most part, being made in straight 

lines, and giving rise to plane surfaces bounded by characteristic angles. 

Not unfrequently crystals display dendritic, radiating, concentric, and 

spiral arrangements. 1 

The curved formations are represented by spheres and modifications 
of spheres, where the atoms and molecules combine to form bodies having 
concentric and spiral arrangements ; the additions being made in suc- 
cessive curved layers. 

Beautiful examples of straight-line formations are seen in the crystals 
of snow, and of the straight-line, radiating, and curved formations in 
byScoresby. fliurtraU^ShUfaefomatk.nB. the crystals and conglomerations of hail. In the latter the straight-line, 
radiating, and concentric arrangements are all present. Perhaps no better 
illustration of the extraordinary plasticity and power of nature to assume different 
shapes and conditions, under slightly altered circumstances, can be given than are 
afforded by the structure of snow and hail respectively (Figs. 1 and 2). 

Examples of crystals are met with in the organic as well as in the inorganic 
kingdom. Crystals, as a rule, are symmetrical, and characterised by great beauty of 
outline. They are endless as regards form, and have for the most part an unvary- 
ing chemical composition. They occur in the soft snow and in the hardest rocks 
and metals. They are deposited in the solids of certain plants, and in the fluids of 
plants and animals, as witness the crystals of sugar, blood, bile, urine, &c. 

Typical examples of crystals displaying straight-line, dendritic, radiating, con- 
centric and spiral arrangements, with traces of segmentation, are given at Plates 





Km. 2. — Various forma of liail as 
rami by Whitney. A, hailstone 
. .. __ , , . ,. t ,, r ■ ... i . ■ ■,. mi which Mint Bonn m 1822, having a 

and n. From a careful examination of the figures in the plates m question it will diameter of an inch aud a hair, and 
be seen that crystals assume a very great variety of form ; the peculiar shape » eighiug ^oo g™*™- B, sections of 

,. . ' , J ,.° . , *, , . , , , it -, differently shaped hailstones, shoving 

depending, in many cases, on the condition, for the time being, of the mother liquid „ radiating nucleus and concentric 

as regards temperature, degree of viscosity, and what may be regarded as ad- la }' 1 '™- ( -> "™'f 10 " ° r l;ailntone with 

° r ti ■■ minute c-iTBtallir pyramids on ita sur- 

ventitious circumstances. In other words, crystals, while having a definite race displaying a "radiating arrange- 

chemical composition, and, as a rule, a distinctive form, nevertheless lend them- T^'i „j eryaulhc pyramids 
selves to constructive processes, and admit of modification in accordance with certain 

laws. When so modified they bear the most extraordinary resemblances to certain plants and animals and parts 

thereof (compare Plates i. and ii. with Plates iii., iv., v.), and support the belief that the law of increase and 

growth applies equally to crystals and to plants and animals ; and that one design runs through the in- 



i their generally incepted sense, nithou , ., 

■'■'y divisible. The divisibility ..f [lie atom does not affect my argil- 



prejudice, and with the 



1 I desire to point nut that I employ the terms atom and molecule i 
knowledge, tliat some advanced physicists of late yearn regard the atom as Ilk...... 

merit as developed in tlie present work, and I keep an o|ien mind on the subject. It only pushes the division of matter to a further point. 
does not jeopardise the existence of matter or the foiraa which inhere in matter as such : matter ami force to the physicist aud physiologist are 
still realities. Tiny are, aa hitherto, indestructible aud fixed ijuantitics in the universe. The mow minute division nf matter is one of detail 
rather than of principle, and is diseussed further on (page 180 : Thu visible and invisible worlds ; new theoiy of matter, Ac). 

* In making these general statements 1 am aware that crvstal liaat ion is a i nmpiit-itivl pi-mi-si., and result" from various and diverse con- 
ditions. Herr O. Lehman {Zeitachrift fur Knjstnlh-graphic unit Minrnti'nit. von P. Croth, vol. i., 1877) traces crystallisation (1) to the eva|io- 
ratiou of a solution ; (2) to the action of chemical re-agents ; (3) to the solidilicntion of melted mines ; {A) to the condensation of vaponra ; (B) to 
change of Used, physical, isometric modification ; and (8) to separation by electrolysis. 

Crystals hsve been divided by Webster into (1) the immdrui, which have the axes all equal, as in the enlie, octahedron, tie. ; (2) the tetragonal, 
which have a varying vertical axis, while the lateral are equal, as in the right square pnsm ; (-t) the orlkorhiniihir, which have the three axea 
unequal, as in the rectangular) and rhombic prisms : (4) the wrwelinic, which have one of the ijiterctcrtieiim ohliijue. an in tin- nhlique rhombic 
; (5) the Iriclinic, which have all the three intersections oblique, as in the oblique rhomboids] lirism ; and (flj thu lirs ••/•iimt , which have 

1 prism and rhoiuMiedron. 



three equal lateral a: 



and a vertical axis of variable length, as ii 



c.vagonal |> 
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illustrate radiating, concentric, and other arrangements Frequently met with in plants 



1x111., pp. 154, 156, and 158). 

c prismatic system). Resemble certain low 



Selection of crystals 
and animals. 

Flo. 1.— Various forms of crystals of cystic oxide. Show star-like, radiating, and prismatic arrange men U ; the latter assuming 
angular, quadrangular, and hexagonal shapes. The stars and rosettes resemble certain plants and animals; alno lines of force 
(Plates lv. and Ivi., pp. 107 and 109), and embryo cells developing (Plates lxi., lxii., and lxi'* 

Fra. 2.— Crystals of hippuric acid. Elongated prisms or needles (r 
organic forms. 

Fio. 3. — Rhombic crystals of uric acid. Human. Natural, a, Front view; b, aide view. Show hour-glass markings i 
about to divide. 

organic and organic kingdoms ; that, in fact, the two kingdoms are complemented, and form parts of each 
other. This view derives striking confirmation from the fact that, when magnets and electricity are made to 
act on iron filings and other inanimate substances, they arrange the substances in straight lines, in curves, and in 
spirals ; the straight lines radiating, the curves forming ellipses and circles which are concentric, and the spirals 
being single or double, and, in some cases, forming figures-of-8, as shown at Plates lv. and lvi., pp. 107 
and 109. 

The view is further confirmed by an examination of organic cells and the cellular sexual elements after impregna- 
tion and during development. Here again, and at the very threshold of life in plants and animals, the radiating, 
globular, concentric, curved, spiral, branching, and segmented arrangements make their appearance, as shown at 
Plates lxi., Ixii., lxiii., and lxiv., pp. 154, 156, 158, and 160. 

These, to many, will appear startling statements, but they are borne out in the fullest manner by the histories 
of crystals, plants, and animals respectively {vide Plates i., ii., iii., iv., and v. which follow). 

As the illustrations in the work are necessarily numerous, the descriptions given of them are as brief as possible, 
consistent with clearness. The figures, fortunately, for the most part explain themselves. It will suffice, in the 
majority of cases, if the reader simply glances at the figures, and at the explanatory headings affixed to the descriptions 
of the plates. 



4 DESIGN IN NATURE 

Fig. 4. — Carbonate of calcium from urine of horse. Natural. Shows radiating and rosette arrangements seen in plants, flowers, 
animals, and parte thereof : also in lines of force (Plates lv. and lvi., pp. 107 and 109), and in developing embryo cells (Plates lxi., 
lxii., and lxiii., pp. 154, 156, and 158). 

Fig. 5.— Crystals of margarine and stearine. Margarine needles (a) and stearine flower-like aggregations of lanceolate plates (6). 

Fig. 6. — Uric acid crystals. Human. Natural, a, Various forms of aigrettes, radiating and flower-like ; 6, dumb-bell crystal, 
resembles cell dividing ; c, sheaf-shaped crystal not unlike palm-leaf. 

Fig. 7. — Phosphate of calcium crystals ; mostly thin, rnombic, radiating plates (a) ; some displaying a radiating and concentric (b) 
arrangement, as seen in the sections of the stems of plants, and in the bones of animals (b) (Plate v., p. 9). 

Fig. 8.— Dumb-bell crystals (a) and rectangular plates (6) of uric acid. 

Fig. 9.— Uric acid precipitatea from solution in sulphuric acid by water. Shows radiating, star-like, and other crystals, having 
shapes similar to those seen in rudimentary plants and animals, es}>ecially diatoms (Plate iv.). 

Fig. 10. — Uric acid rhombs slightly acted upon by potash, showing nuclei. 

Fig. 11. — Margarine, a, Fat cells* containing star-shaped masses of needles; b t star-like clusters of needles. These resemble 
growing flat bone (parietal lx>ne, for example). 

Fig. 12. — Crystals of sugar of milk, displaying radiating and feathery, plant-like arrangements. 

Fig. 13.— Crystals of urate of calcium. Show spicular radiating (a) and spicular spherical (6) formations. Resemble palms in 
plants, and sea-urchins in animals. 

Fig. 14. — Crystals of urate of magnesium. Afford examples of radiating bundles of spicules, assuming fan-like, hour-glass, and 
Maltese cross shapes, common in plants and animals. 

Fig. 15. — Stearine crystals. Show soft nacreous laminae or needles presenting radiating, flower-like arrangements. 

Fig. 16. — Crystals of urate of sodium and ammonium. Show spheres with nuclei and concentric rings (a) ; one covered with 
radiating needles (6), as with cilia. Natural radiating stellate forms, as in flowers and star-iish, are seen at c and d. All these crystals 
represent plant and animal types. 

Fig. 17. — Crystals of oxalate of calcium, prepared with acid and showing dumb-bell and concentric and radiating arrangements 
(a, a). The same salt modified by double decomposition showing octahedrons (6). The concentric and radiating arrangements here 
seen occur in great numbers in plants and animals and parts thereof, especially in developing embryonic cells (Plates lxi., lxii., and 
lxiii., pp. 154, 156, and 158) ; in transverse sections of tne stems of plants and of animal structures (Plate v., p. 9). The concentric 
and radiating arrangements are also seen in the lines of force obtained by the action of magnets on iron filings (Plates lv. and lvi, 
pp. 107 and 109). The dumb-bell and stellate crystals resemble cells dividing, and forms common in flowers and animals. 

PLATE II 

Selection of crystals to illustrate radiating, branched, segmented, and spiral arrangements, very common in plants 
and animals. Some of these crystals are beautifully symmetrical ; symmetry of form being also a characteristic 
of plants and animals. 

Fig. 1. — Crystals of sulphocyanate of brucine, showing radiating arrangement of needles. 

Fig. 2. — Margarine, showing radiating, starlike, and branched dendritic arrangements. 

Fig. 3. — Radiating crystals of sulphate of calcium. 

Fig. 4. — Radiating spicules of brucine, presenting a flower-like appearance. 

Fig. 6. — Spicules of narcotine exhibiting radiating, dendritic, flower-like forms. Figs. 1, 2, 3, 4, and 5 exhibit the radiating 
arrangement to perfection (see Plate lv., p. 107, and Plates lxii., lxiii., pp. 156 and 158). 

Fig. 6. — Bilifulvine. Natural. Human. Shows rhombs (a) and elegantly curved dendritic bundles of needles (6), essentially 
plant-like in appearance. 

Fig. 7. — feathery or penniform crystals of magnesium ammonium phosphate, dendritic in character. 

Fig. 8. — Crystals of ammonium chloride, showing well-marked dendritic, branching arrangements similar to what are seen in 
plants, in minerals and metals, and on window-panes during frost. 

Fig. 9. — Crystals of uric acid of boa, artificially precipitated from solution in potash by hydrochloric acid. Show dendritic 
formations similar to those seen at Fig. 8. 

Fig. 10. — Symmetrical, six-rayed spicule, often seen in sponges. 

Fig. 11. — Stellate and leaf-like crystals of magnesium ammonium phosphate. Resemble star-fishes and certain flowers. 

Fig. 12. — Crystals obtained from the cooling of a warm solution of ammonia. The more perfect crystals present a remarkably 
regular, segmented apj>earance, not unlike a vertebral column. 

Fig. 13. — a, Crystals of gypsum, showing well-marked dendritic or branching arrangements similar to what are witnessed on 
window-panes during frost, and in plants ; 6, crystals of chloride of barium produced by adding gum to a solution of this substance 
as a thickening medium. The crystals might well be mistaken for plants. 

Fig. 14. — Dendritic, branched crystals of nitrate of barium, obtained by adding gum to a solution of this substance, and rapidly 
evaporating in thin layers. 

Fig. 15. — Crystals of phthalia anhydride, displaying a well-marked tendency to curve and branch as in plants. 

Fig. 16. — Feather-shaped structure greatly resembling moss, and consisting of small rhombic crystals obtained from a watery 
solution of C 6 Ho(CH 3 )^02S0 3 K + $H 2 (2 nitro 1-3 xylene 4 sulphonate of potassium). 

Fig. 17. — Plant-like structure" consisting of individual crystals arranged on stalks and radiating in a non-symmetrical manner. 
Obtained from an alcoholic solution of (C fl H-(CH 3 ) J N0 2 S0 3 )-Zn4-5jH a O (2 nitro 1-3 xylene 4 sulphonate of zinc). 

Fig. 18. — Group of curling and branching crystals of permanganate of potassium. Magnified 300 diameters. They resemble 
branches of trees in winter, and branching blood-vessels, bronchial tubes, &c. 

Fig. 19.— Symmetrical, rosette-like, branching crystals, obtained by dissolving camphor in alcohol or benzol and then evaporating. 
Resemble flowers and star-fishes. 

Fig. 20.— Rosette crystal of strontianite in which the individual crystals radiate from a common centre. Resembles deep- 
sea coral (Baihyartis symmetrica) ; growing flat bones (parietal bone, for example) ; the ends of vertebra?, &c. 

Fig. 21.— a, Aggregation of curling, hair-like crystals of dinitroparacresol, showing incipient spirals (C 6 H 2 (N0 2 ) 2 CH 3 (OH) ; 
6, spiral, radiating, leaf-like crystals of styphnic acid (C 6 H(N0 2 ) 3 (OH)j) (2-4-6 trinitroresorcin). The leaflets are rectangular or oblique 
bordered, and are always curled and much branched if the viscosity of the solution is diminished by the addition of alcohol. 

Fig. 22.— a, Beautiful symmetrical, segmented crystal of cliloride of copper and chlorate of ammonia; 6, c, graceful starlike 
crystals of nitrate of sodium and rhombohedral nitrate of potassium ; d, club-snaped, stellate crystal similar to those obtained from 
the solidification of saltpetre. 
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PLATE II 
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Fro. 33. Remarkable spiral crystals of sulphn 
the fronds of ferns and the hurns of animals. A p 
shown at p. 19, Fig. 7. 



obtained by cooling quickly i 
,ill more remarkable example c 



a microscope slide. These crystals resemble 

i spiral crystal is furnished by prochtorite as 



5 3- The Radiating, Dendritic, Segmented, Concentric and Spiral Arrangements common to Crystals, 
Plants, and Animals. 

That the radiating, dendritic, concentric, spiral, and segmented arrangements witnessed in crystallic combina- 
tions reappear in plants ia abundantly shown by an examination of the figures in Plate iii. ; and that the same 
holds true of animals is made equally evident by consulting the figures of Plates iv. and v., especially the latter. 



This plate shows a well-marked tendency in living things to aggregation, division, segmentation, and repetition 
of parts ; to branching, to radiation, and to concentric and spiral distribution of their substance. The plants here 
figured resemble the crystals shown in Plates i. and ii. There is a common plan for crystals, plants, and animals. 

Fia. 1.— Development of bacteria and vibrios un the surface of an organic infusion (J. H. Bennett), a. Molecular mass ; b, short 
bacteria ; r, larger bacteria ; if, tbe same more separated ; e, aggregation of vibrios ; /, chain-like molecular filaments 
(Leptothrix). 

Fig. 2.— Conferva fltxeosn. a, Fragment of growing filament ; b, filament breaking up ; f, zoospore capable of independent 
movement. Shows segmentation (compare with e of Fig. It. 

Fia. 3. — (Krtogonuim reticulum, a, Fragment of a filament; b, ditto, breaking up and emitting a zoospore; r, zoospore with 
a crown of cilia. The /.oospore is free to move. Shows division, segmentation, and repetition of parts, as in the Articulate and 
Vertebral*. 

Fia. i,—Stigeodonium prcUruum. a, Fragment of branched filaments ; 6, germinating zoospore. Shows segmentation of filaments 
and zoospore as in Fig. 3. 

Fro. 5. — Brack yeladium uenicillalum. An erect filament with fertile branches. Magnified 200 diameters. Shows segmentation 
and branching in a marked degree. 

Flo. 6. — Hdicoiporium pulvinatum, magnified 300 diameter*, a, Branched filament ; b, sporidia forming lienutifnl spirals. 
» and b afford typical examples of segmentation. 
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Fie. 7. — Gijroctnti ammo/tit, magnified 150 diameters. Shows exijuiaite spirals resembling those of the f rends of ferns: also 
augmentation. Cnmjiare with Fig. 12, p. 21, Plate xxxvi., Fig. 4, p. 57, and Plate xxi., Fig. 3, ].. 3" 



t, magnified 35 diameters, rolled up in graceful conical spirals ; the hair 
resemble, in a general way, the spiral tendrils of vine*, passion flowers, 

crystals, in 



—Scale-like hairs From the seed of I'obaii warnltn 
being uncoiled in the upper [tart of the tigure. These hairs 
and clitiibing plants : also many animal structures. 

Fie. 8.— Stellate hairs from the epidermis of Dtutxiu Kabm, magnified 125 diameters. Similar stellate forms 
other plants, and in animals (star-fish, &c). 

Flu. 10. — Hair from the seed of Salvia, magnified 55 diameters. Displays a lieautiful open spiral, similar to that seen in the 
stem of Vorticella, &c. 

Flu. 1 1.— Stellate hair of the ivy leaf, magnified 100 diameters. Resembles Mower of plant and star-fish. 

Fig. 12. — Ctraiaumat crameavtia. A one-celled flagellate, magnified 200 diameters. Resembles spindle-shaped cells in 
involuntary muscle. 

Flo. 13. — Qonium pcetorale, magnified 175 diameters. Coni]>osed of cells with double Magella. The cells exhibit rhythmic 
movements in the absence of, and as apart from, muscular fibres. 

Flu. 14.— a, Volume gtobator, with daughter aud grand-daughter colonies, magnified 25 diameters (after Carter); 6, surface 
view of volvox, showing cells in hexagonal spaces in common jelly. Compare with epithelial, liver, and pigment cells, and also 
hexagonal cells of honeycomb. Each cell reveals nuclei (n), two Hagella, and a contractile vacuole (re), c, Vertical section of wall 
of volvox, magnified 400 diameters (after Butschli). 

Fig. 15. — Batraeh>x)ttruiun\ iivmiliforM*, natural si/e. Shows aggregation, branching, and segmentation. «, Segmented axis 
with branches ; b, a portion of an axis with whorls of branches magnified ; c, a tuft of branches with spores in the midst more 
magnified ; d, highly magnified view of a few cells. Shows segmentation and branching. 

Flo. 16. — Scale of the epidermis of Hipuuphae rhamntride*, magnified 50 diameters. Shows stellate, radiating arrangement from 
central point, as in many crystals, plant, una animal structures. 

Fig. 17.— Oir/iora amytacta from the human ependyma, magnified 350 diameters. Shows well-marked concentric arrangement, 
as seen in certain crystals, plants, and animal structures. 

Fie. 18. — Anterior view of human crystalline lens (adult), magnified 2 J diameters. Shows stellate, radiating arrangement of fibres. 

Flo. 19. — Funarin hygromelrica, magnified 150 diameters. Stomata of the epidermis of the column. Show concentric and 
r.idiating arrangements, resembling the Haversian systems of bone on transverse section. 

FlG. 20. — AclinathyriuM graininin, highly magnified. Shows radiating arrangement. Compare with Fig. 16. 

FlO. 21. Marehantia pobjuiorpku, magnified 5 diameters. A sporaugial receptacle seen front below. Shows concentric and 
radiating arrangement of parts. Compare with Figs. !), 15c, 18, and 20. 

Flo. 22. — CoUorliate tcutatn. a, Perfect plant, magnified 25 diameters; I,, commencement of the development of a frond, 
magnified 10 diameters. Show concentric and stellate arrangement of parts. 

Fig. 23. —Horizontal section of a yearling shoot of a Dicotyledon, magnified in diameters. Shows well-marked concentric and 
radiating arrangements ; similar arrangements are seen in crystals and in many parts of plants and animals. 
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This plate shows how certain crystals formed in viscous fluids present a radiating, concentric arrangement ; 
how other crystals display pentagonal and hexagonal shapes ; how protagon develops spiral forms ; how molecules 
tend to aggregate and form cells with nuclei ; how plants and animals display various markings which result in 
radiating or concentric arrangements or both ; how plants and animals exhibit for the most part some kind of 
division or segmentation by which they can build themselves up and divide and separate part of their substance 
in the process of reproduction. Lastly, how growth and pressure in constricted areas modify form. 

Fio. 1. — Precipitation of carbonate of calcium from a viscous solution on a slide of glass, showing molecular, nuclear, nnd cell forme 
in various stages of development, a, Oval body containing nucleus ; 6, round body containing nucleus ; c, globular crystals of 
carbonate of lime, showing concentric and radiating arrangements (J. H. Bennett). 

Fio. 2.— A perfectly formed globular crystal of carbonate of calcium with concentric and radiating lines (J. H, Bennett). The 
concentric and radiating arrangements so well seen here are frequently met with in the transverse sections of the stems of plants and 
of bones and other tissues of animals, as shown more especially in Plate v., u. 9; and in Plates Ixii. and lxiii., pp. 106 and 108. 

Fio. 3. — Flattened crystals of carbonate of calcium adhering at their edges, on the surface of lime water, resembling epithelium in 
form (Fig. 4). The crystals are pentagonal in shape, and resemble the pentagonal and hexagonal liver cells (Fig. 12), and the 
pigment cells of the choroid coat of the eye (Pig. 13). Compare with hexagonal cells of honeycomb ; also with transverse sections 
of basaltic columns of Staffs in Scotland, and tin' Giant's Causeway in Ireland (Plate xl., Figs. 1 and t, p. 63) (the Author). 

Fio. 4. — Pavement epithelium from human akin, showing pentagonal and hexagonal forms, chief! v the latter. Compare with 
Figs. 3, 12, and 13 (the Author). 

Fio. 5. — Shows straight, curved and spiral processes shooting out from a mass of prolagoii on the addition of water, artificial 
formation (J. H. Bennett). The spiral is a fundamental formation in nature (the Author). 

Fio. 6.— Concentric layers occasionally formed at the extremities of free ends of the protagon (J. H. Bennett). 

Fio. 7.— This figure comes under Fig. 1. Shows crystalline forms assuming the cell shape, a, Crystalline forms; b, angles 
of crystals rounded off; c, ovoid cell forms ; it, cell forms aggregated together (J. H. Bennett). 

Fio. 8.— Various arrangements of molecules, a, Finely molecular mass ; h, molecules varying in size as seen in milk ; c, molecules 
aggregated in groups ; d, histolitic molecules from broken-down fibrous tissue (J. H. Bennett). 

Flos. 9 and 10,— Fatty molecules precipitated from an alcoholic solution arranging themselves to resemble cells with a nucleus 
(a, 6) and nucleoli (e) (J. H. Bennett). 

Fio. 11.— Spinous cells from the Malpighian layer of the human epidermis (after Schultze). Show concentric and radiating 
arrangements with a certain amount of angularity. 



8 DESIGN IN NATURE 

Fig. 12. — Hepatic cells with biliary duct between. Show pentagonal and hexagonal forms, chiefly the latter. Compare with 
Figs. 3, 4, and 13. 

Fig. 13. — Hexagonal pigment cells from the choroid coat of the eve. Compare with Figs. 3, 4, and 12. 

Fig. 14.— Pygidlum of a flea with bristles. Shows concentric and radiating arrangement of the areola (the Author). 

Fig. 15. — Portion of sponge with spicules projecting from the surface. Shows branching, plant-like form (the Author). 

Fig. 16. — Portions of shell of oyster (a), and egg of ostrich (6). Show radiating and concentric arrangements (the Author). 

Fig. 17. — a, Asterolampra marylandica, side view ; b 9 Hdiopelta Leeuwenhceckii, side view. Show l>eautiful concentric and 
radiating arrangements (the Author). 

Fig. 18. — Euastrum oblonaum. Shows rudimentary segmentation (the Author). 

Fig. 19. — Tetmcmorus Istvu (in conjugation). Shows symmetrical form and augmentation. 

Fig. 20.Staurastrum gracile. Shows triangular radiation. 

Fig. 21. — Micrasterias denticulate. Cell dividing transversely. 

Fig. 22. — a, Pediastrum boryanum. Shows stellate radiation and reticulated surface. 6, Pediastrum granulatum. Empty cell. 

Fig. 23. — Euastrum verrucosum. Shows symmetric radiation and tendency to segmentation. 

Fig. 24. — a, Cosmarium pyramidatum. Shows tendency to segmentation or division. />, Empty shell of same. 

Fig. 25. — Micrasterias denticulata (sporangium). Shows concentric and radiating branching arrangement (the Author). 

Fig. 26. — a, Tetmemorus granulatus; b y ditto, empty cell. Show symmetrical markings and tendency to segmentation. 

Fig. 27. — Gjprosigma strigile (side view). Shows central point and longitudinal and transverse markings. 

Pig. 28. — Pinntuaria nobilis (side view). Shows central point and longitudinal, radiating, and transverse markings. 

Fig. 29. — Gyrosigma transversals. Shows central point and longitudinal and oblique markings which cross each other. 

Fig. 30. — Cyclotella operculata. a. Side view ; b 9 front view. Show concentric and beautiful radiating arrangement. 

Fig. 31. — Gyrosigma angulatum (side view with endochrome). Shows longitudinal and central circular markings. 

Fig. 32. — Navicula didyma (side view). Shows central point and longitudinal and radiating markings. 

Fig. 33. — Gyrosiama littorale (side view). Shows central point and longitudinal striation. 

Fig. 34. — Meridian circulars. Shows frustules united into a spiral coil ; front view. 

Fig. 35. — Synedra splendens. Shows frustules attached at one end and radiating. 

Fig. 36. — Licmophora splmdida. a, Frustules arranged in a radiating, branched, plant-like form ; />, side view of single 
frustule ; <?, front view, ditto. 

Fig. 37. — Cocconema lanceolatum, presenting : a, a plant-like appearance ; b 9 single valve side view. 

Fig. 38. — Eupodiscus sculpt us (side view). Shows central point with four sets of pear-shaped radiating markings, arranged at right 
angles to each other. 

Fig. 39. — Amphora oralis (front view). Shows longitudinal and radiating markings. 

Fig. 40. — Doryphora amphiceros. o, Side view of frustule with endochrome ; b f front view, ditto ; c, prepared single valve. 

Flo. 41. — Biddulphia aurita and frustules undergoing division (a, ft, c, d). 

Fig. 42. — Synedra splendens. a, Side view of prepared frustule ; 6, front view of ditto. Show longitudinal and transverse 
markings. 

Fig. 43. — Gomphonema acuminatum. Showing plant-like arrangement of parts. 

Fig. 44. — Getocholus sevtentrionalis (dorsal view). Shows segmentation of body, antenna*, <yc 

Fig. 45. — Cyclovs quaaricornis (male). Shows segmentation in body, antenna?, and legs. 

Fig. 46. — Cantkocamptus minutus. Shows segmentation in body, antennae, and legs. 

Fig. 47. — Notodelphys ascidicola (female). Shows segmentation of body, &c. 

Fig. 48. — Alteutha deprtssa. Shows segmentation of body, antenna?, and legs. 

Fig. 49. — Nebalia bipes. Shows segmentation of body, &c. 

Fig. 50. — Haliclystus octoradiatm. A Lucernarian medusa (a, b) ; on sea-weed (c). Shows symmetrical radiation from centre, as in 
star-fish and many crystals and plants. 

Fig. 51. — Scale of dace (Leuciscus vulgaris). Shows concentric and radiating markings. 

Fig. 52. — Scale of jack or pike (Esox lucius). Shows concentric markings. Compare with markings on starch corpuscle. 

Fig. 53. — Anguillula tritici. a, Mature worm ; b, young or immature worm. Show tendency to segmentation of bodies. 



PLATE V 

In this plate accurate drawings of an animal cell, egg, hair follicle, muscle, nerve, Pacinian body, coral, horn, 
bone, tooth, &c, are given. The radiating and concentric arrangements occurring in crystals and plants reappear 
in a striking form in animals, and are to be regarded as fundamental. Compare with Plates i., ii., iii., and iv. ; also 
with Plates lxi., hrii., and Ixiii., pp. 154, 156, and 158, also Plates lv. and Ivi., pp. 107 and 109, which deal with 
embryonical development and lines of force. 

Fig. A. Cell with radially disposed reticulum from the intestinal epithelium of a worm (after Carnoy). 

Fig. B. Ovum or egg cell of a worm (after Strasburger). Shows radiation from a central area. 

Fig. 0. Transverse section of muscular fibre of leg of wasp, showing a radial disposition of the sarcoplasm (after Schaefer). 

Fig. D. Transverse section of a Pacinian body (touch corpuscle), showing concentric arrangement (the Authorl 

Fig. £. Transverse section of two nerves : the nerve fibres occupy the central portions of each section, ana rod-like structures 
pass radially between the axis cylinder and the primitive sheath (after Schaefer). 

Fig. F. Transverse section of human molar tooth. Shows radiating and concentric arrangement of dentine and enamel (the Author). 

Fig. G. Growing parietal bone of a foetus in the possession of the author. The lxmy substance is arranged in radiating lines ; 
growth proceeding from the central portion of the bone (the Author). 

Fig. H. Parietal bone of an embryo sheep. Shows the same radiating arrangement as in Fig. G (after Schaefer). 

Fig. I. Vertical section of human os cafcis. Shows radiating, curved, cross arrangement of the cancellous tissue of the bone, 
giving the greatest amount of strength with the least possible material. The os calcis in walking receives the weight of the body the 
instant the neel touches the ground (the Author). 

Fig. J. Transverse section of growing horn of stag. Shows radiating and concentric arrangements (the Author). 

Fig. K. Section of hair-follicle (after Biesiadecki). Shows concentric and radiating arrangements. 

Fig. L. Transverse section of human vertebra. Shows radiating arrangement in the body of the vertebra (the Author). 
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Fin. M. Articular surface of htiiuaii vertebra, showing radiating ,nnl concentric arrangements (the Author). 

Fig. N. Vertical section of human vertebra. Shows vertical and transverse distribution of the bonv tissues— the verlital pre- 
dominating. This arrange tit ■ nmbiiies great lightness willi great strength, esjieciallv vertical strength (the Author). 

FlG. O. Kpijihvsi? of vertebra of viaing whale (t.i.ivunal or distal surface). Shows well-marked radiating and concentric arrange- 
ments. Compare with Figs. J, M, S, Q, W, X, and P. 

Fl(». P. Articular sind'are nf vert chin nf voting whale. Shows radiating and concentric arrangement-, tin- hitler tiring must marked 
{the Author). 

FlO. Q. Deep-sea coral (IMhijiti-li* •■iimuuln.-n), from original drawing hv t'. Rcrjeau nf si 'crimen in British Museum. Shows well- 
marked radiating and concent tie arrangements, the former predominating. Compare especially with Fig. O. 

Flu. ft. Articular surhu e of vertebra of shark. Shows lieautifnl eonrcnlric rings like the rings of growth in I he stents of trees, 
t 'oinpare with Figs. P and K (the Author). 

Fig. S. Transverse section of vertebra of shark. Shows concentric and radiating arrangements. The two spicula resemble rudi- 
mentary vertebral processes (the Author). 

Flo. T. Vertical section of head nf human humerus. Shows vertieal, transverse, and ohliijue distribution of the Winy tissue, which 
secures gn-at strength and lightness, lwtter seen in Fig. U (the Author). 

Fin. U. Vertical set I ion of bead, m-ck, and upper 1*1 1 of human femur, showing the bony Tisane radial i ng and disposing itself in 
beautiful cui-ved arches which interweave and pro-luce an extraordinary degree of strength eombined with extreme lightness. Am is 
well known, these parts transmit the weight of the body to the inferior limbs. They furnish a very good example of design (the 
Author). 

Fm. V. Vertical section of upper portion of tibia. Presents an arrangement similar to that seen at Fig. U (the Author). 

Fin. W. Transverse section of shaft of human femur, showing concentric and radiating arrangements similar to those representing 
rings of growth in trees {the Author). 

Fio. X. Transverse section of tiKith of Cachalot whale, Shows beautiful .oiieenlnc and radiating arrangements. Compare with, 
Figs. J, M, 9, O, P, and; W (the Author). 
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PREVALENCE OF SPIRAL ARRANGEMENTS ON A GRAND SCALE IN THE 

PHYSICAL UNIVERSE 

The spiral formations of the physical universe are seen in whirlwinds and spiral sandstorms, in whirlpools and 
spiral waterspouts, in spiral nebular arrangements, &c. In all these cases, the atoms, molecules, and bodies concerned 
are arranged spirally. Winds occasionally blow in straight lines, but for the most part in curves, circles, and 
spirals. The cyclone, one of the most powerful and violent of winds, pursues a circular path. When, however, it 
advances rapidly it follows a rotatory, spiral course. 

" It appears from recent investigations, that hurricanes, tornadoes, and typhoons are to be regarded as great 
whirlwinds in motion, the meeting of two opposing winds producing the whirlwind. According to M. Dove, the 
rotatory motion of the air is from right to left in the northern hemisphere, or in the direction opposite to the hands 
of a watch ; from left to right in the southern hemisphere, or urith the hands of a watch ; gusts and lulls occurring 
in the vortices. It is further ascertained that the northern hurricanes travel in an oblique direction from the equator 
towards the north pole, while the southern hurricanes travel more obliquely from the equator towards the south 
pole. We frequently observe in serene hot weather the whirling motion of the air, betrayed by sand and dust 
ascending in spiral columns. Larger and stronger whirls carry up leaves and straws, and even buildings lying in 
their course. These whirlwinds are generally caused by the struggle of two winds meeting at an angle, in the same 
manner that eddies and whirlpools are formed in water, by two currents being obliquely impelled against each other." 

There is reason to believe that whirlpools in water, and also in air, may take place without the intervention 
of two opposing currents meeting each other obliquely. An artificial whirlpool is readily produced by placing water 
in a circular hand basin provided with a circular aperture and plug at the bottom. If the plug be withdrawn, the 
water, in its attempt to escape, invariably forms a tiny eddy or whirlpool. Circumscribed empty spaces favour the 
formations of vortices and whirlpools. 

The peculiar circular and spiral movements of the wind are well seen in certain sand-storms. In various regions 
of the earth, more especially in warm climates, the sand is raised by the action of the wind in spiral eddies, which take 
an upward direction, and form a more or less dense column of sand, having a vertical measurement of anything 
up to a hundred or more feet. The column is distinctly spiral in its configuration, and spreads out at its summit, 
when the sand-storm ceases. Occasionally a large number of spiral columns may be seen at the same time, arranged 
in a circle. 

In such cases each column rotates, so to speak, on its own axis : the whole careering round in a circle or spirally 
as indicated by the arrows in Fig. 3. The movements somewhat resemble those of the earth round the sun. 

Vortices occur on sea, on land, and in the heavens. At sea, and in great fresh-water lakes and rivers, they take 
the form of eddies, maelstroms, and spiral water-spouts ; on land they are seen as whirlwinds of sand, leaves, straws, 
and other light substances. In the heavens the nebulae are, in certain cases, arranged in great whirls composed of 
right and left-handed spirals. 

The water-spout provides one of the most wonderful displays of spiral molecular action in nature. The spiral 
is generally single. The water-spout consists of a huge, vertical, spiral mass of watery vapour, sometimes stationary, 
and sometimes spirally moving along the surface of the water (sea, lake, or river). It descends from the clouds, 
or rises from the water, in gigantic spiral wreaths, and forms a vertical spiral column from 800 to 2500 feet high ; 
the column is also of a sand-glass shape, that is, it spreads out above and below, and is comparatively narrow in the 
middle. The effect is to draw up immense masses of water into the clouds, the clouds driven by winds carrying 
the moisture which they contain to large areas of the earth's surface, on which it is ultimately deposited as rain, 
sleet, hail, or snow. 

The surcharged clouds are the great irrigators of the land, and wherever rains are plentiful, plants and foliage 
are abundant and luxuriant. The abundance of plant life in turn secures a plethora of animal life ; plants, in the 
great majority of cases, supplying the food of animals ; and animals thriving and multiplying in proportion as 
forage, succulent grasses, leaves, vegetables, and fruits abound. 

The water-spout sometimes breaks out with terrific violence far inland. It is variously described. According to 
one authority (" Descriptive Atlas," by Milner), " whirlwinds usually form a double cone ; the upper cone with the 
vortex inclining downwards, while the point of the lower cone is directed upwards. In passing over the sea, lakes, 
and rivers, the water is raised by the lower cone in a spiral column, often to the height of several hundred feet, 
while the clouds are brought down by the upper cone, and a water-spout is formed. Two cones have frequently 
been observed to separate and re-unite ; and in the Mediterranean as many as sixteen water-spouts have been seen 
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at the same time. In water -spouts on land the upper cone consists of a mass of clouds, and the lower cone of sand, 
dust, and other bodies found on land. Deluges of rain accompany their disruption." 

According to another authority (" Century Dictionary," edited liv Dr. W. Dwight Whitney), " The water-spout 
is a whirlwind over a body of water, which produces the appearance of a solid column of water, extending from the 
surface to the clouds. In reality, however, the phenomenon that is seen is the cloud brought down to the earth's 
surface by the rapid gyratory motion of a vertical whirl, and it consists simply of fine mist surrounding a central 
axis of rarefaction. At first the cloud has the form of a tapering funnel ; then, descending to near the water's surface, 
it draws up the water for a distance into its vortex, and imparts to it its whirling motion. The spout is then com- 
plete, and appears as an immense column connecting sea and cloud, light in colour near the centre, but dark along 
its sides. Like other whirlwinds, the water-spout has a progressive aa well as a rotatory motion, its axis sometimes 
being inclined forward in the direction of advance. ... It is common for a numlier of water-s pints to he seen simul- 
tiincously or successively " (Plate vi., Figs. 1 and 2). 

Before leaving the subject of fluid spiral formations it may be interesting to direct attention to the spiral made 
by the escape of ether in water placed in a red-hot silver basin (Fig. 4), and to the vortex ring made by smoke in its 
first stage (Fig. . r >), as delineated by Mr. F. Hovemlen.' 

The vortices formed by nebula' are, in some respects, the most wonderful of all. So far as I can make out they 
originate in three ways : — 

(«) By a nebular mass or nucleus assuming a rotatory or spiral motion in space and drawing towards it, in 
well-marked spiral lines, smaller nebular masses ; (/)) by a converse process, whereby the smaller nebular masses 
assume spiral movements and coalesce to form a spherical or spiral nebular nucleus ; and (r) by a resolving or 
disintegrating process, whereby the nucleus or central core throws off its substance in spiral Btreanis, usually 
two in uumber — these forming right or left-handed spirals. There is what is practically a spiral infolding and 
evolving process at work ; a spiral overlapping in one direction, and a spiral unlapping in another and opposite 
direction. 

There are good grounds for believing that spiral nebulous matter is not in every instance formative matter, 
that is, spiral matter aggregating and building up stellar and other bodies. On the contrary, it may very well be 
the spiral detritus of stars and other heavenly bodies breaking up and disintegrating. If this threefold view 

1 "Whftl is Bttt mid WW m Klirtricity I" l,j- F. HuvmhIiii, F.L.S.. F.C.N., F II. M.S. London, 11*00. 
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be adopted the cosmogony will consist of spiral and other matter in a perpetual state of flux ; the matter circu- 
lating in time and space and being free to combine and resolve itself in obedience to natural laws. The view here 
propounded is in harmony with creation as a progressive work, and also in accordance with the ceaseless changes 
witnessed in the inorganic and organic kingdoms. It further secures to all things a beginning, a career, and an 
end, and opportunities of renewal. 1 

The nebular spiral arrangements were first figured by Lord Rosse. They were subsequently very successfully 
photographed by Dr. Isaac Roberts in his interesting work, " Stars, Star -clusters, and Nebulas." 

The origin of the spiral movements in inorganic matter is involved in great obscurity. In whirlwinds, in 
whirlpools, and in nebula; it is usually attributed to two currents meeting at a 
certain angle and clashing, with the result that the colliding matter is obliquely 
deflected and made to assume a spiral course. Such colliding is, however, 
not necessary. It suffices if matter be allowed to flow into empty spaces, or 
if it be subjected to varying pressure, or exposed to attractions from nearly, 
but not quite, opposite points. 

The colliding, clashing theory of the origin of spiral movements is negatived 
by the spiral movements occurring in organic matter, to wit, in the fluids and 
solids of plants and animals. 

The spiral movements occurring in the organic kingdom, as I show further 
on, are essentially identical with those occurring in the inorganic kingdom. The 
spiral movements in plants and animals are not, however, exposed to collisions 
of any kind. On the contrary, they manifest themselves without the least 
commotion, and under circumstances which preclude the possibility of collisions. 
Thus, they make their appearance in the growing stems, leaves, flowers, fruit, 
and tendrils of plants ; in the developing reproductive cells of certain plants 
and animals ; in growing shells, horns, and teeth ; in the movements of the 
heart of the bird and mammal in the circulation ; and in the movements of 
the muscles, bones, and joints of the higher animals in the several kinds of 
locomotion. 

The origin of spiral movements in the inorganic and organic kingdoms by 
no means lies on the surface. 

From a wide survey of the subject I am disposed to regard them as 
predetermined, inherent, fundamental movements. This belief is favoured by 
the new electric theory of matter, according to which the atom is divisible into 
innumerable sub-atoms, corpuscles, or electrons ; these sub-atoms or electrons 
forming a system of bodies not unlike the sun and the planets, there being according to the most recondite physicists 
a kind of " planetary theory of the atom." 

According to the electrical theory of matter, the sub-atoms, corpuscles, or electrons are subject to various kinds 
of strain, are in a constant state of excitement, and in a perpetual whirl of movement, spiral or otherwise ; the 
movements being as important as the matter moving. 

The electric theory of matter, it will be observed, puts spiral and other movements in the forefront of cosmic 
arrangements. 

As originally pointed out by Professor Faraday, all things are electric. He divided the several substances, 
inanimate and animate, into two great classes, namely, the paramagnetic and the dtamagnetic, according as they 
arrange themselves in a line with or across the poles of a horseshoe magnet, as indicated by the magnetic needle. 
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ti I find Prwfiiemr Knirt Haeckel has cqinwil a somewhat similar belief ;ih regards: tile, making and the unnudring 
of the heavenly lajdiin. He says: "The universe or the Cosmos is eternal, infinite, and illimitable. 1W sulistaLicc, with its two attributes 
(mutter mul energy!, tills infinite siiacc, and is in eternal motion. This itinlinn runs on [hrmigh iulliiile lime, as mi unbroken development, 
with a jieriodie change from life U< death, from evolution to devolution, . . . While the minting masses simvly muve townnls their detraction or 
dissolution in one part of ajpute, others arc n]u-inging into new life and rlrve li!]iitient in other (juarlcrsof the Uiiiverae " ('■ Riddle of the Universe." 
English edition, 1002, p. flj. 

Dr. Inane Rol«ertn, F.R.H., in 18B0 enuneinted pratliuallv the same views. Leaving out of consul unit ion the origin of matter itself, and 
beginning at the epoch of tveontfrwtum, he summarises the onler of stellar evolution as under:— 

1. Dark or light aggregations of matter in globular, eoimtie, mcteiHitic, or dust-like bum, and in gaseous clniuls scattered al>out, isolated, 






2. Collisions lwtwco 

3. Re- eon I hi nation nf the material- after cnlliaion 

4. Arrival again at the i-]nuh of maturity. 
ii the ejioeli of ijniei 

Star-fluster " ' ' 



and N«h 



PREVALENCE OF SPIRAL ARRANGEMENTS 




Fro. 1. -Sni.lv ..i ;1 gpinl 




—Study of spiral water- b[k>uU by tliu Autlior. Drawn hy C, B.-rjun 



14 DESIGN IN NATURE 

The presence everywhere of electricity and electrical strain invests the new theory of matter with quite a 
remarkable interest. 

I know nothing in the whole range of physics more wonderful than the so-called spiral nebula). They an now 
known to occur in very large numbers, and to form right and left-handed symmetrical spirals, being eoMJMMd "' 
two parte which wind within each other round a centre or nucleus, which consists of one or more stars with u 
nebulous matrix. How stars and nebulous matter, in unlimited space, should arrange themselv ■■.- in spiral wreath* 
baffles comprehension. They can only do so in accordance with certain laws which are the outcome at design. 
When it is stated, as has been done, that timilar spiral arrangements can be traced in large numbers in plants and 
in animals, the mind is overwhelmed, and is, at first, inclined to withhold belief. 1 

The resemblance between the inorganic nebular spirals and the organic plant and animal spirals is in no sens-' 
fanciful but founded upon the most convincing evidence. In proof of what is here stated I invite the render to 
compare the spiral nebula (Fig. 4 of Plate vii.) with the spiral flower (Fig. 13, p. 21) ; the spiral seed (Fig. II. p. 30) ; 
the spiral fruit (Plate xi., Fig. 1, p. 25) ; the spiral spermatozoon (Plate xii., Fig. 1, E, p. 27) ; the two spirit) xhrU* 
(Plate xiii., Fig. 1, F and 0, p. 28) ; and the spiral apex of the mammalian heart (Plate xvii., J :'«;, p, 32), 

If proof were wanting of the intimate relations subsisting between the inorganic and org-mn- kingdoms, ami 
of the unity of plan which pervades all nature, these remarkable coincidences in spiral formations arc well calculate! 
to Bupply it. 

The inorganic and organic spirals cannot, everything considered, be regarded as chance productions. They 
undoubtedly owe their origin to the operation of a common law, and afford a striking proof of a First Cause. 

The inorganic and organic kingdoms arc constructed on similar lines. They are not opposed to each otaei 
On the contrary, they are interdependent, complements), co-ordinated, and conditioned. They are made for each 
other. No marvel, then, if plants and animals assume shapes and movements which are common in the heavenly 
bodies. Endless examples of spiral structures and spiral movements are given further on. 

I append photographs of the extraordinary nebular arrangements (Plates vii. and viii.). They transcend in 
grandeur and beauty everything of the kind which has hitherto appeared. These arrangements, moreover, are extremely 
suggestive in their bearing on movements in general, and on the movements in plants and animals in particular. 



Plate vii. shows actual photographs of nebula 1 and star clusters ; the upper two figures of the plate displaying 
curves and spiral arrangements — the lower two figures astral nuclei with nebulous envelopes. 

Km. 1.— Photograph of star-cluster M. 13, Hemilis, by Dr. Isaac Roberts. F.R.S. Dr. Rol-erts fays, "The photograph ahowa tat 

stare in (be central |»rt of the cluster to be involved either in faint nebulosity or in atmospheric glare caused by the light of tha ataia, 
and some of them appear to be deformed in outline K-cause of the overlapping of two or mure star images. The general configuatiai 
of the stars is suggestive of their development from a spiral nebula. The forms of the convolutions still remain Turibla hi aW 
arrangement of the stars, whilst the nebulous matter appears to have been absorbed, anil tin; nuclear condensations at their ocaatv 
account for the dense aggregations of stars." 

Very beautiful spiral tiebuln ate figured in Plate viii. 

Flo. 8.— Photograph of Nebula $ I.. 143, Virginia, by Dr. Isaac Rolerts, F.R.S. The photograph shows the nebula to 
somewhat the letter l> with the curve in the «.p. direction, and a star of about the 1 "it li magnitude in the centre, the interior be 
with nebulosity of different densities, within which are five or six star-like condensations. Dr. Roberts remarks that the mil 
condensations rewmble those invariably seen in spiral nebula'. (Photographs of Stars, Star-clusters, ;ind Nebula?.) 

Fill. 3. -Photograph of Annular Nebula M. ST. Lyra-, by Dr. Isaac Roberts, F.R.S. Sir J. Herschel describes this nebala at 
a magnificent object ; annular, bi ight, and considerably extended. Theie is no appearance of stars involved in the ring, bat Um U. 
and H.p. sides are denser than the «.p. and h./. ones. There is, as explained by Lord Rosse, an extension of faint nebulosity bejand fat 
margins at each end of the major axis. This nebula resembles, in a general way, the cell of a plant or animal, which eoaaiateQt* • 
nucleus or central core, cell contents (protoplasm), and a cell wall or envelope. (Photographs of Stars, Star-clusters, and NebaUa.) 

Fns. -I. - Photograph of Nebula M. 97, l"r*o Majoris, by Dr. Isaac Kolwrts, F.R.S. Lord House compared this nebula to the Cm 
of ait owl, and was inclined to assign to it a spiral form. It has a star for its centre, and the nebulous envelope is concentrated at two 
point* and projects inward* aa if preparatory to assuming the spiral shape. A two-fold spiral grouping is verv well seen in Fig. 1 
of Plate viii. (Photographs of Slam, Star-clusters, and Nehukc.) 

' Some *ill no doubt endeavour to explain the marvellous spiral arrangements witnessed in uehulie to attractions and repulsion* of TatioM 
kinds ; they sill regaid the jiheuomeaon as of purely physical origin. Sncli an explanation, liowev, r, would, iim 1 have tnd.nvoured to 
lie ,mile inadequate to explain similar sjiiral arrangements occurring in plants and animals "here no such attractions and rp|nilsii " 
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Plate viii. shows photographs of transcendently fine spiral nebula.'. The first three figures of the plate reveal 
left-handed spiral nebulae ; the fourth figure displaying a right-handed spiral nebula. The nebula? have an astral 
centre or core, and are symmetrical, each nebula being composed of two portions which wind into each other from 
opposite points, either from above and below, or from the sides. These spiral arrangements in the heavens arc 
very striking, and demand the moat careful consideration. Dr. Isaac Roberts, who has devoted much attention to 
the subject, says of them : " The records of these features are now eo numerous and accordant that they cannot 
be attributed to accidental or fortuitous circumstances" ("Stars, Star-clusters, and Nebulae," vol. ii. p. 07). 

Flo. ]. — Photograph of Spiral Nebula Itf iv., Urate Majoris, by Dr. Isaac Roberta, F.R.S. Lord Rosse observe I ihis liebubi belwifr. 
1851 and 1862, and detected its spiral nature. He says that light, mottled, faint nebulosity fill* tip the space betMii.ii the anus. The 
photograph shows the nebula to be a left-handed njiiral with bright stellar nucleus, arid with both stellar and elongated finiilrmthni 
in the convolutions. (Photographs of Stars, Star-clusters, and Nebula;.) 

Fir.. 2.— Photograph of Spiral Nebula M. 100, Comas Berenicis, by Dr. Isaac RoWrts, F.R.S. This nebula forma ., moat cx^it-nt 
left handed spiral, with the nucleus very sharply stellar in the midst of faint nebulosity. The con viilut tons, accord iuu to I >i . ItoUu- 
are strikingly perfect, and have Bevel ~' ' ' ' ■> ■' ' ■■ c '■-• -'■■ 

of Stars, Star-clusters, and Nebula).) 



are strikingly perfect, and have several aggregations of nebnlosttv in them ; three or four fuint stars are also involved, '"i'hotognipli- 
* Stars, Star-clusters, and Nebula).) 

Fio. 3.— Photograph of Spiral Nebula M. 51, Canum Venatieurum, by Dr. Isaac Rolierts K.R.8. Lord Rosse describe! this nebula, 
and figures it as a strong, left-handed, spiral structure. According to Dr. Roberts the nucleus of the large nebula consists i>f a. imili 
bright star in the midst of a patch of very dense nebulosity, from which the convolutions radiate in approximately symmetrical fatm* 
The convolutions are broken up into numerous stars and star-like condensations, and there are wisps of nebulosity, « ilh a star involved 
in each of them. One of these appears to have been deFormed, probahlv by the action of the second nucleus, as indicated by the 
disarrangement of symmetry. {Photographs of Stars, Star-clusters, and Nebula).) 

Fifl. 4.— Photograph of Spiral Nebula M. 74, Piscium, by Dr. Isaac Roberts, F.R.S. This nebula forms a beautiful right-hand^ I 
spiral. It is the reverse of the spirals seen at Figs. 1, 2, and 3 ; these, as stated, lieing left-handed spirals. Lord Rosse describe) ii 
as a spiral nebula with the centre formed of stars, and several stars visible through the nebula. According to Dr. Roberts the 
convolutions are studded with many stars and star-like condensations— the nebulous matter forming the convolution* Wing broken 
up into stars and star-like Inci which vary in brightness. Dr. Robert* remarks that every spiral neoula photo^ni plied by him ha- 
a stellar nucleus surrounded by dense nebulosity in the centre of revolution. (Photographs of Stars. Star-chisleiv, and Nebuln*.) 

I add a striking photograph of the Great Nebula in the constellation of Andromeda, which, according to recent 
astronomical authorities, shows a world in process of formation. For vaatness and grandeur it transcends every- 
thing yet discovered. The photograph reproduces the outstanding features and details of the nebula, and has been 
faithfully rendered at Fig. 6. 

In the photograph, the Great Nebula is seen more or less sideways, and presents an elliptical form. Viewed 
from before it would be nearly circular. The new sun, all but completed, occupies the centre of the system, 
and is distinguished by its greater luminosity. The vast circular rings and spiral folds which invest it are believed 
to be undergoing a process of condensation at their free margins, and preparing matter for the formation of future 
planets. They present an arrangement similar to that witnessed in the Milky Way. Already the sites of varioot 
heavenly bodies differing considerably in magnitude are indicated — some of them being in position. Th* is 
especially the case in the outer coils of the Nebula, where planets formed and in process of formation are seen. He 
whole system is evidently in a state of flux, and if it could be examined as a near object a scene of unpt 
activity would doubtless present itself— matter moving in all directions in apparent confusion, but in i 
obedience to law and order, and according to a well-considered, preconceived, predetermined plan. 

Some parts of the Nebula are semi-transparent, and stars are seen through and beyond it. The spectroMOpe, 
however, indicates that the gaseous period has been passed and, in all probability, the fluid stage reached. Changes 
of a far-reaching nature are evidently occurring slowly but surely in strict sequence, and according to unalter- 
able laws. 

The distance of the Nebula from the earth is inconceivably great, and its size so enormous that it completely 
dwarfs our solar system. An approximate idea of its vast dimensions may be formed from the following calculation. 
" Light — which travels at the rate of 185,000 miles a second, and could cross our solar system in a little over four 
hours — would require more than five years to pass from one end of it to the other." 

The following graphic account of the Great Nebula is from the pen of Mr. Norman Lattey : " Far away, 
floating in the immeasurable depths of infinite space, gleams a tiny patch of luminosity. To the naked eye it looks 
like a hazy star, and is visible in this country from September to January on clear nights. Astronomers call it the 
Great Nebula in Andromeda. It is really the immense spirit of a yet unborn universe, whose story of creation 
has only reached the first chapter, and cannot be concluded for countless centuries. There are, of course, other 
nebulas in the sky in various stages of evolution ; but they are mostly mere tangled masses of glowing gas, shape- 
less and inert, as yet untouched by the vitalising power of motion which is essential in order that their dead matter 
may be converted into living worlds 
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and spectroscope, conclusively proved the correctness of Laplace's hypothesis." (For additional information on 
thiB subject, see the beginning of the present section — " Prevalence of spiral arrangements ou a grand scale in the 
physical universe," p. 10.) 

While the vast systems of spiral nebulse, spiral cyclones, spiral Band-storms, spiral water-spouts, whirlpools, &«., 
are on a scale of unexampled magnificence and splendour, there yet exist microscopic spiral arrangements in great 
plenty which are quite as interesting in a way to the chemist and physiologist as the others are to the astronomer 
and physicist. Examples of the minute spirals are to be found in crystals, plants, and animals ; especially the 
two latter. 

§ 4. Origin of Spiral Structures. 

Stereo-chemistry has shown that " optically active substances may be divided into two classes. Some, like 
quartz, sodium chlorate, and benzil, produce rotation only when in the crystalline states ; the dissolved {or fused) 
substances are inactive. Others, like oil of turpentine, camphor, and sugar, are optically active when in the liquid 
state or in solution. In the former case the molecules of the substance have no twisted 
structure, but they unite to form crystals having such a structure. As M. Pasteur expressed 
it, we may build up a spiral staircase — an asymmetric figure — from symmetric bricks ; 
when the staircase is again resolved into its component bricks, the asymmetry disappears. 
In the case of compounds which are optically active in the liquid state, the twisted 
structure must be predicated of the molecules themselves, that is, there must be a twisted 
arrangement of the atoms which form these molecules." 

Pasteur, in discussing the molecular constitution of tartaric acids, says that " the 
molecular structures of the two tartaric acids are asymmetric, and, on the other hand, 
that they are rigorously the same, with the sole difference of showing asymmetry in ""^ 
opposite senses. Are the atoms of the right acid grouped on the spirals of a right-handed helix, or placed on 
the solid angles of an irregular tetrahedron, or disposed according to some particular asymmetric group- 
ing or other J We cannot answer these questions. But it cannot be 
a subject of doubt that there exists an arrangement of the atoms in 
an asymmetric order having a nonsuperposable image. It is not less 
certain that the atoms of the left acid realise precisely the asymmetric 
grouping which is the inverse of this." Pasteur regarded the 
formation of asymmetric organic compounds as the special prerogative 
of the living organism. " Most of the substances of which the animal 
and vegetable tissues are built up — the proteids, cellulose — are asym- 
metric organic compounds, displaying optical activity. . . . Meso- 
tartaric acid contains two equal and opposite asymmetric groups of 
atoms within its molecule." Pasteur was of opinion that compounds 
exhibiting optical activity were never obtained without the intervention 
of life. He also says : " Artificial products have no molecular asym- 
metry ; and I could not point out the existence of any more profound 
distinction between the products formed under the influence of life, 
and all others." And, again, he refers to the molecular asymmetry' 'of 
natural organic products as the great characteristic which establishes, 
perhaps, the only well-marked line of demarcation that can at present 
be drawn between the chemistry of dead matter and the chemistry of 
living matter. " Non-living, symmetric forces, therefore, acting on symmetric atoms or molecules, cannot produce 
asymmetry, since the simultaneous production of two opposite asymmetric halves is equivalent to the production 
of a symmetric whole, whether the two asymmetric halves be actually united in the same molecule, as in the case of 
meso-tartaric acid, or whether they exist as separate molecules, as in the left and right constituents of racemic 
acid. In any case, the symmetry of the whole is proved by its optical inactivity." ' 

§ 5. Examples of Spiral Arrangements in Crystals. 

Subjoined the reader will find a striking example of a spiral crystalline formation (Fig. 7) which greatly 
resembles a ram's horn (Fig. 8). Other examples of spiral crystals will be found at Plate ii., Fig. 23, p. 5. 

y Pnifesaor V. K. .I«pu, He given ill the " Report of the Britwh Association for tlie Advancement of 




Him. «.— Photo^rapha .if win's liorns liy Hie 
Author ; drawn nn wood liy C. Berjeau. A, front 
view ; B, thiw quarter- view. Show line right and 
left-handed spirals with tnuiNverw markings. 
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It may be useful to give here a few illustrative examples of spiral formations in plants and animals. 

As spiral plant and animal structures occur in great numbers throughout the work, it is only necessary, at this 
stage, to emphasise the fact that spiral arrangements are fundamental, and that they make their appearance at 
the very dawn of life, being found in seeds, seed-cases, flowers, fruit, adult plants and parts thereof ; in the ova 
and spermatozoids of animals, in young and adult animals, and in many parts of animals, especially in the more 
complex and highly differentiated animals. Spiral movements are equally abundant. These make their appear- 
ance in the spores and seeds of plants which, in many cases, move and swim freely about until they find a suitable 
habitat, when they fix themselves permanently. 

Fig. 9 gives an accurate representation of the spiral forms and movements of certain Bacteria. 




Fi<;. 9. — A, Iltnirrium vermiform*. B, Bacteria from the river Thames (Proteus tyi»e) — young colony from plate culture, greatly 
enlarged (Marshall Ward). At Fig. A, the spiral contortions and movements are very marked. At Fig. B, the siriral contortions 
pursue two directions and reverse, as in the tendrils of vegetahle marrow, the passion -flower, the egg-purses of sharks, Ac. ; one part 
forming a right -handed, the other a left-handed spiral (the Author). 

The spiral movements are also seen in Infusoria and low animal forms generally. They can be traced without 
difficulty from the lowest to the highest animals, and, incredible as it may appear, fishes swim, birds fly, and 
quadrupeds and bipeds walk, by double spiral or figure-of-8 movements, as was demonstrated by me somewhat 
exhaustively in the years 1867, 1868, 1870, and 1873. 1 

§ 6. Spiral Arrangements in Plants. 

The spiral arrangements in plants are at once striking and graceful, as the annexed illustrations show. 








&®% 



Fn». 10. 



Fu:. 11. 



Fiu. 10. — Charu dadica : recent. Italy. — 
A. Sessile oogonia between the divisions of the leaves of the female plant. 
8. Magnified transverse section of a branch, with five oogonia, seen from below (after Lyell). 

Fiu. 11.— 

A. Oogonium of Chain entire, composed of five cells wound round a large central cell in a spiral manner, with corona (a). 

B. Spiral spermatozoid of Chara separated from a cell. Shows two vibratile cilia (after J. H. Balfour). 

0. Fossil carpogonia of Chara. 6, Side view of Chara Lemani, x 10 ; c, under view, showing spiral arrangement of cells. 

1>. C7i«ra mmicaffttutfa, x 10. <f, Side view : f, under view, showing spiral arrangement of cells. 

E. Cliara hdidcri*, x 10. /, Side view; y 9 under view; and /*, top view, showing spiral arrangements of cells; », one of the 
spiral cells detached (after Cuvier). 

The spirals shown at D and E of this figure resemble the spirals seen in nebula? (Plate viii.), certain shells (Plate xiii., Fig. 1, 
/, g)t certain cones (Plate xi., Fig. 1, bottom row), and the apex of the heart (Plate xvii., Fig. 3, A). 



1 Proceedings Royal Institution of Great Britain, 1867 : Transactions Linnean Society, 1868; Transactions Royal Society, Edinburgh, 1870; 
Anglo- American Science Series, 1873. 
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Fig. 12. — A, B, C, D. Spiral fronds of an actively growing fern, 
collected by the Author. Shows right and left-handed spirals. 

Fig. 13. — A spiral Chrysanthemum. Drawn from nature for the present work by C. Berjeau. Displays f 
arrangement us seen in spiral nebula) (Plate viiiA spiral seeds (Fig. 11, D, E), spiral spermatozoon (Plate xii 
" ' ' ' '■■■, Fig. 3, A). 



., F, G), and the spiral apex of the heart (Plate x 



Drawn natural size by C. Berjeau from a fresh specimen 



left-handed spiral 
Fig. 1, E), spiral 



©A©^ 




Figs. 14, 15, and 16 illustrate the spiral arrangements in leaves, flowers, and fruit ; in cells and seeds ; in 
vessels, climbing plants, &c. 

Fig. 14. — A. " Transverse section of a revolute leaf. The two edges are rolled outwards or away from the axis. 

B. " Transverse section of an involute leaf. The two edges are rolled inwards or towards the axis. 

C. " Transverse section of a convolute leaf. The leaf is rolled upon itself so as to form a continuous toil. 

D. " Transverse section of a plicate or plaited leaf. The parts of the leaf are folded together like a fan. 

E. " Circinate vernation, in which the leaf is rolled up from apex to base, like a crosier. 

F. " Diagram to illustrate contorted or twisted aestivation, in which the parts of the whorl are overlapped W each other in turn, 
and are twisted on their axes as in the mallows. 

O. " Diagram of the flower of the Sowbread {Cyclamen) showing the five sepals overlapping each other, and five petals arranged 
in a contortive manner, 6ve stamens, and the pistil in the centre" (Professor J. Hutton Balfour). 

Fig. 15. — A. "Spiral cell, or cell with a spiral fibre inside, from an orchid, 

B. "Spiral vessels taken from the melon, showing the elastic fibres uncoiled. 

C. " Vertical section of the seed of Bunias, with its spiral embryo. The cotyledons are rolled upon the radicle in a spiral manner, 
hence the name ipirofcfcae. 

D. " Exogenous stem, surrounded by a woody climbing plant (Bush rope) which causes contractions and swellings of the stem. 

E. "A stem with alternate spiral leaves arranged in a ijuincuncial manner. The sixth leaf is directly above the first, and 
commences the second spiral cycle " (Professor J. Hutton Balfour). 

Fid. 16. — Spiral fruit of Hdittera Isora. Forms right-handed spiral (after Baillon). 
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Plate ix. illustrates spiral formations in plants. 

Fib. 1.— Terminal stein and shoot of vegetable marrow witli tendrils 
and left-handed spirals, and one double or reversing spiral. 

A. a, b, r, three sets nf young It-ndrils closely eoiled up and forming 
five tendrils in various stages of development ; e, very young tendril closely 

tendril uncoiling and forming a right-handed spiral ; g, young tendril uncoiling and forming » huh-ihuucm °X-" a ' > "it" 
uncoiled and Winning to reverse ita spiral ; i, mature tendril re-coiling and forming a Jelt-handed spiral. The tendrils t,"f, g, k, 
have not touched or caught hold of anything, and are therefore natural spiral ft * 



; right and left-hander) spirals ; '', peduncle bearing 

' ' " il forming a left-handed spiral ; /, young 

- " -ight-banded spiral ; A. young tendril 
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PLATE IX (continued) 

B. Stem, «, of vegetable marrow with three tendrils ; 6, mature tendril growing freely in space which has coiled upon itself 
to form a single cone-shaped left-handed spiral. 

C. Stem, a, of vegetable marrow having three tendrils, b, c, d; b, young tendril which has uncoiled and straightened itself; 
c, mature tendril in the act of re-coiling ana forming a left-handed spiral ; d, t, /, mature tendril which has re-coiled and forms a 
double or reversing spiral : at d, the spiral is left-handed ; at e y the spiral is reversing, and at /, it is right-handed. The power 
possessed by plants of forming right and left-handed and double or reversing spirals is a feature of extraoidinary interest, as proving 
original endowment. In Fig. C, as in Figs. A and B, the tendrils are growing freely in space : the single right and left-handed 
and double reversing spirals are therefore natural formations, and are not aue to inherent irritability or stimulation caused by coming 
in contact with anything living or dead. Similar remarks are to be made of animal tiasues : muscles, nerves, lnrnes, horns, claws, 
teeth, shells, &c, all assume spiral forms quite apart from either irritation or stimulation. 

Drawn three-fourths natural size, by C. Berjeau from fresh specimens collected by the Author. 




Fio. 3. — Shows striking examples of spiral formation in plants. 

A. SchuWtia (I'hy#ianthu*). Stem forming right-handed spiral. 

B. (llorwsa mtperlm. Leaf terminating in spiral tendril. 

C. Croton (C(tdiseum). Leaf forming right-handed spiral. 
I). Orchid (Cypripedium). Right-handed spiral. 

£. Clematis (('•'. Montana). Leaf stalks form right and left spirals round alien stems. 

F. Convolvulus (C. arvmsi*), forming right-handed spiral round gooseberry twig. 

G. Honeysuckle (Lonicera Periclymenuin), winding from left to right. 

H. Two honeysuckle stems entwined and forming left-handed spiral as in the human umbilical cord (Plate xii., Fig. 3, p. 27), 
and spiral intestine (Plate xii., Fig. 4). 

Drawn by C. Berjeau from fresh specimens collected by the Author. 

PLATE X 

Plate x. illustrates spiral formations in the stems, tendrils, and fruit of plants. 

Fig. 1. — Spiral stems and tendrils of the passion-flower (Pamflora alata). Shows right and left-handed spirals, double reversing 
spirals, and spiral tangles. 

A. a, Stem forming right-handed spiral ; b, revolving summit of passion-flower with young coiling tendrils ; c, r, c, mature 
tendrils forming single and double reversing spirals. 

B. d t e 9 Stem of passion-flower twisting from left to right and forming right-handed spiral ; /, /, double reversing spiral and 
spiral tangle ; g> h, typical example of double reversing spiral tendril. 

C. i f j, Right-handed spiral formed by stem of jiassion-flower ; k, I, wi, n, o, p, well-marked examples of double reversing spiral 
tendrils. The stems and tendrils of the passion-flower are natural spiral formations. The nature and degree of spiral ity exhibited by 
them are due to inherent endowment ana not to irritability and external stimulation. This follows because the stems and tendrils 
curve and twist when not in contact with anything save the air. The tendrils even reverse their spirals when similarly circumstanced. 

Drawn by C. Berjeau from fresh specimens collected by the Author. 

Fig. 2. — Specimens of fresh hops (Humuhis Lnpulus) sent to the Author from Kent. Drawn by ('. Berjeau. 

A. Spiral bundle of hop stems. The stems twine into each other and form left-handed spirals. 

B. Single hop stem forming a left-handed spiral. 

C. Another portion of the same stem forming a right-handed spiral. It is not possible that any form of extraneous stimulation 
could produce right and left-handed spirals in the same stem. This can only be referred to design and original endowment. 

Fig. 3. — A. Spiral stems of Tecoma (Bigtwnia) twisting and forming a right-handed spiral. 

B. Sprig of Sweet Pea (Lathyrus odoratm) with tendrils forming right and left-handed spirals. 

C. Stems of Asnaragus (Asparagun plummus) twisting spirally into each other. The twist is in an opposite direction to that 
figured at A. They form a left-handed spiral. 

Drawn by C. Berjeau from fresh specimens collected by the Author. 

Fig. 4. — A, B. Diagrams illustrating the spiral arrangements of the leaves and fruit of a plant. At A the divergence between every 
two leaves is f , as shown by the upj>er circle of the diagram, where the space between 1 and 2 includes three of the seven divisions. At 
B, the divergence between every two leaves is J, as indicated by the marks on the circle. C. Spiral fir cone— the spirals running in 
two principal directions, as shown by the darts ; the one spiral being more vertical than the other. The secondary spirals indicate the 
difference between each scale of the cone in a single spiral. The cone is composed of numerous scales, which are metamorphosed leaves 
arranged on a common axis and covering the seeds (after J. H. Balfour). 
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Plate xl. Illustrates Bpiral formations in fir cnnes ami palm trees. 

Kio. 1.- Cones of I'inus maritina, collected by ihe Author at San Rr.molo, Italy. The upper left cone (latcinl view) shows double 

spiral arrangement of scales The upjiei- central ■■<mv shows a lieautiful rii{ltl -handed spiral, I he n;i] t-r rijitit tunc showing a beautiful 

Ifft-lianded spiral. The.-e two cone* are weathered au<l (hi- scales ojiencd out by exposure. The lower I. ft and central cones (basal end 

views) show llie right anil left-handed spirals emerging from the axis or stalk of the cone and producing ported symmetry (compare 
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PLATE XI (continual) 

with I), K of Fig. 11, p. 20). The lower right rone (apicial view) shows the double spiral arrangement in a weathered specimen, where 
the scales of tlic cone lire opened out or serrated. From photographs taken for the Author by his nephew, J. Bell Pettigrew. 

Fio. 2. -Date palm growing at San Remo, Italy, photographed for the Author by John A. McMordie. Shows double spiral stem, 
the right spiral being the more vertical and more pronounced. 

Fio. 3.— Date palms growing near that represented at Fig. 2, and photographed for the Author by John A. McMordie, at the same 
time. In the ]>alni to the left, the left spiral is the more vertical and more strongly marked; in the right, the right spiral is the more 
vertical and more strongly pronounced, Better examples of right and left-handed leading spirals cannot 1* imagined. 



§ 7. Spiral Arrangements in Animals. 

The spiral arrangements in animals are, if possible, more remarkable than those witnessed in plants. In 
animals the hardest as well as the softest tissues assume the spiral form. The spermatozoa, the ova, the muscles, 
nerves, feathers, shells, horns, bones, and teeth all attest the prevalence of the spiral as a factor in organisation. 
Nothing short of design and pre-arrangement and fundamental bias can account for the occurrence of spiral arrange- 
ments in such a great variety of substances. The presence of spirals in great numbers in plants where there is 
comparatively little differentiation would have been sufficiently striking, but when we find them in great abundance 
in the tissues of all animals, even the highest and most complex, we are forced to look for a cause, and to remove 
them from the category of chance formations. We are obliged to fall back upon Design and Law and Order. The 
necessity for this procedure becomes imperative when it is remembered that spiral arrangements are not confined 
to plants and animals, but are also found in molecules, crystals, nebulas, cyclones, sand-storms, water-spouts, 
whirlpools, &<\ 

The spiral formations in animals are not only outstanding and typical but they are bewildering as regards 
variety and detail. It would be easy to adduce any number in corroboration, but it will suffice for the present if 
I give sufficient to illustrate the'general principle, which I do in the following ten plates (xii. to xxi. inclusive). Further 
illustrations of an important kind will be found in the body of the work. 



PLATE XII 
Plate xii. illustrates spiral formations and structures in spermatozoids, umbilical cord, intestine, and nerve cells. 



Kiu. 1. Spiral spermatozoon of Cray fish (Astacu* Jluviatili*) (after Huxley), x850. 
A, H, C, I). Different stages in the development of a spermatozoon from a seminal cell. 



K. A tiMtuiv spermatozoon — front view. The mature s|>ermatozoon (E) consist* of a right and left set of radiating spiral 
element* seen in the uncoiled state at C. The s]»ermatozoon is bilaterally symmetrical, ami bears a remarkable resemblance to the 
two wis of spiral nehulie seen at Plate viii., p 17 ; to the two spiral shells seen at Plate xiii., Fig. 1, D, K ; and to the spiral apex of 
the heart, seen at Plate xvii., Fig. 3, A, The spermatozoon is an embodiment of evolving spiral force (the Author). 

Fio. 2. Spiral spermatozoa of various kinds. 

A. Spermatozoon of Triton (Triton crutatmt), x450. F. Spermatozoon of perch (Perra jluruitili*), x450. 

B. Spermatozoa of rabbit (hpu* cion'cu/iut), x 450. O. Spermatozoon of blackbird (TurdH* meruUi), x450. 

C. S|K»rmatoz(H>n of field mouse (Arritvla <irrw/i>), x 4f>0. H. Spermatozoon of man (Homo xipitn*), x 450. 

D. Spermatozoon of wood shrike (Ltinut* rw/njt), x450. 1. Spermatozoon of frog (Rami Umportiria), x450. 
K, Spermatozoon of goldfinch (FrimjiUa degan*), x 450. J. S]»ennatozonn of rat (AiW rattus), x 450. 

K. Spermatic c\st of common civeper bin! (Ctrthia famitiuru), containing a bundle of s]>ermatozoa, x 500. 

U Spermatid cvst of rabbit, n, The globules, each of which contains a spermatozoon, x 350 ; 6, separate globuli, x 500 (after 
tiriffith 'and Henfrev). 

Fn;. 3. Human umbilical cord, composed of one vein (<i) and two arteries (b\ intertwining to form a symmetrical left-handed 
spiral. Resemble* spiral water-spout (Fig. 5>» and the twining stems of the hop (Plate x.. Fig. i. A). tVo spirals at least are 
necessary to produce symmetry, structures composed of one spiral being incomplete or lop-sided. Drawn from injected specimen in 
the possession of the Author by O. Rerjeau. 

Fuj. 4. — SipuHtutus Htutu* laid open from the >ide. -ln.wing left-handed spiral intestine (<i): b n anus (after W. Keferatein). 
Resembles spiral umbilical cord (Fig. 3 of thi< Plate), and spiral hop -terns (Plate x.. Fig. i. A, B). 

Ftu. 5. -A. Itanglion cell of a frog, with right-handed spiral nerve fibres, magnified, n, if. Straight fibre; b y large coiling 
fibie; •', small coiling fibre (after Lionel S. Beale). Resembles twiuiug plants (Plate x., Fig. 3, A\ 

R tiaitglioit cell from the sym)«athetic system of the fr*ig. with left-handed spiral nerve fibre magnified, n, Straight fibre; 
\ coiling fibre, arising by a superficial netting connected with the nucleolus of the cell : r. »\ capsule with nuclei (after J. Arnold). 
Resembles twining plants (Plate ix.. Fig. 3, A and F. p. ii . 
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Plate xiii. illustrates spiral formations in shells. 

Fra. 1. — Spiral Foraminifei-a after Brady. ChnlUnger Reports, vol. 
shells, the spirals are traced from without inwards, or from base to apex (the Author). 

('. Cakarinii defrantii, x 20. Spiculaled left-handed spiral shell. 

D. fWitt'lUiria calear, x35. Curious plicated left-handed spiral shell. 

E. Orbitalina adnncit, x 20. Symmetrical shell with left-handed spiral whorl at ajwx. Resemhles spiral nebulas (Plate v 
certain spiral cones (Plate xi., Fig. 1, lower row), and spiral cast of heart (Plate xvii., Fig. 3, B). 

F. Crutrllaria orbicular!*, x 20. 

G. CrUtrtiwia rortex, x 20. F anil U are symmetrical shells with 
(Plate viii., Fig. 4); spiral seeds (Fig. 11, D, E) ; spiral sperm atonoo 
(Plate xvii.. Fin. 3, A). 

H. Aminoditciii tenni; x 12. Crenaled right-handed spiral shell with many and fine 

Fig. 2. — A. Mesial line section of shell of Nautilus (Nautilux pmnpilivt). Forms an 
curved partitions becoming smaller as the apex of the shell is approached. Nothing can 
here exhibited. 

B. fflitjiaola brookei. Forms right-handed spiral. 

C. Acavu* phanix (white, variety). Forms left-handed spiral. 

D. Strojihodieilit* (/torn*) oblongxx. Forms left-handed spiral. 

E. Caloeerait (Ammonite*) communis. Fossil, Upper Lias formatii 

F. Scalaria sralari*. Forms a beautiful pyramidal, spi: . 
O. Eburna tuirata. Forms a finely-marked left-handed spiral. 

Drawn by C. Berjean from photographs by the Author. 



They resemble nebula- 
piral apex of the heart 



xipiisite left-handed spiral, with beantifol 
teeed the grace and tn-auty of the section 



J. Scoresby. Forms a 
ted, left-handed spiral. 
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Plate xiv. illustrates spiral configuration of shells. 

Fiu. 1. — A. ShynchoneUa p/ulUicai. Shows interior of dorsal valve. The spiral labi.il appendage ut the right of the figure ia 
j ___ j ,._: :».. -~.. M ..i . — i*:..« . «i : 1 li:.i j t. *l~ i„ff* -: j- :...._ :i_ j __ j .1- . » j /_*. . _ i*_- j .._ * 



coiled and 



a normal position : the spiral labial append) 



appet 

B. Restored interior of dorsal valve of Uneile* gnj/ihiu froi 
{after Davidson). 

C. Koninetina Itonlianti from the Triaa of St. Cassian, enlarged, 

D. Interior of the dorsal valve of Datfxa rwviaUa, Silurian 
spiral arrangements seen in A, B, and ('. 

E. MacroicaphiUt ivtmii. Cretaceous (Neocomian). 

F. HtteroctTBM emerici. Cretaceous. 

G. Dvxrtu ortrft'wi. Upper Jurassic. 
Figs. E, F, and G dumbly unnnlnl spiral forma, E forming a left and F a righl-bi 

united. The number and variety of spirals in shells is incredibly great. 

Fio. S. — Spiral Foraminifera after Brady. Challenger Reports. Zoology, vol. : 
of right and left-handed spirals : also plication and symmetric markings. 

A. Ammodi»cu* charovtet, x 70. D. Cyelammtna orkiculnrit, x 1ft, 

B. PolyUonttUa macilla, x 35. K, Spiriltina limbala, > 

C. ChuodomeUa M 



led and displaced (after bavidso 
Middle Devonian, showing beautiful right and left-handed spirals 

Displays right and left-handed brachial tiroccssi-s (after Zittel). 
inlarged (after Davidson). Repeats the right and lift-handed 



iiled spiral, and G a right and left-handed spiral 
These shells supply beautiful examples 



F. UruteUaria variabilis 



x50. 



G. Gormupira 

H. PtneroplU petlutut, 

I. Textularia trochut, 
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Plate xv. illustrates spiral formations in shells and horns. 
Fiu. 1.— Shows typical iiyw 



s typical pyramidal -shaped, right-handed shells which bear a marked resemblance to many horns. 

A. ttoetdlarui cnrniruilrtn. J). Fatcioiariu tulipa. 

B. Tertlrra dimidiata. E. Fmtu ditpetit-thuiiaTsii. 

C. TnrrHeUa (ay.). 

Draivn by C. Berjeaii from photographs hy the Author. 



Flu. 2.— Shows typical righPand left-handed spiral h 
o the spiral shells (F"ig. 1 of this Plate). 



These horn*, especially those figured at F, bcur a striking reaemblanue 



lead and spiral horns of West Af Horn harnessed antelope ( Trtvjdaphut gratw). 
B. Head and spiral boms of the Addax antelope {Addax tutiviiuwuttttu*). 
<J. Head and spiral horns of Orant'a gazelle (t^izeUa tjranti). 
I). Head and apiral horns of the black buck (Aiililope cercicapra). 

E. Head and spiral horns of the Angora goat (Capra hireiu). 

F. Head and spiral horns of the Markhor goat (Copra falamirf). 
Urawii by C Berjean for the Author. 

PLATE XVI 
Plate xvi. illustrates spiral structures as seen in shells, horns, tusks, teeth, feathers, proboscides, tentacles, Ac. 

id spiral horns of the Pamir sheep (Ovit y>li) (after Sir V. Brooke). Shows beautiful right and left-handed 



-Skull a 



Fio. 1 

FlG. 2. — A. Head and spiral tusks of mammoth (Jtlephas primiyeniai) (after Tilsius). The great tusks of the mammoth furnish 
striking examples of spiral formations in the animal kingdom. 

B. Head, tusks, and spiral trunk of the African elephant (Ekpkm africantts). Tin- trunk of the elephant supplies an example of 
a soft, yielding, temporary spiral, similar tu that seen in the tail of the spider monkey, the two-toed ant-eater, Merian's opossum, and 
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PLATE XVI (ranf»'nn*r) 

the tendrils of curtain climbing plants ; tlie tusks of the elephant and mammoth supplying examples of permanent spirals seen also in 
teeth, horns, bones, &c. Drawn hy C. Berjeau for the Author. 

Fio. 3.— View of spiral shell (Mitra epueapalit), sawn through longitudinally, showing colnmella with right-handed spiral foldi 
(after Zittel). This affords the type of many .spiral staircases. 

Flo. 4. — A. Spiral tusk of narwhal {Mtmodoii immnwm). The tusk forms a left-handed .spiral composed of several strands, and 
producing n symmetrical corubi nation. This is one of the largest examples of a spiral tooth, B. A portion of the same on a larger scale. 
Fio. 5.— Spiral annulaled horn of the addax (Addax nammactdatv*). The line a, h shows the amount of apirality. 
Fin. 6.— Primary feather of the wing of the swan, seen from above and edgeways, to show the spiral nature of the feathers m 

"' 'ydep '■ 



which nij-ht mainly depei 



mid -rib 



A. Primary feather seen from alio 



\. Primary 
lb; c,j, do 



i every direction, a, t>, Posterior margins ; 



margin* j «,/, vane or 



i- formed by the margin 

B. The "same feather, seen edge-ways. Shows spiral nature of feather, a, b. Posterior margin forming double curve arranged on i 
different plane from anterior margin [c, d), which also forms a double curve. The two margins cross each other figiire-or-8ftwhio« ; 
e,f, vane of feather. A primary feather is, in a way, a diminutive and perfect wing. Drawn from nature by the Author. 

Fiu. 7. — The cloth moth with spiral proboscis. Drawn by C. Berjeau for the Author. 

Fig. 8.— Lateral view of the nautilus in it* shell (after Owen). Shows exquisite right-handed spiral, a, Tentacles; 6, hood; 
c, mantle ; d, funnel ; e, eye ; /, siphuncle ; if, compartment of shell. 
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PLATE XVI (continued) 

Fig. 9. — Stephalia Corona (after Haeckel). Shows extraordinary spiral tentacles greatly resembling the spiral tendrils of many 
plants. The tentacles make right and left-handed spirals spontaneously, and as apart from stimulation or irritation of any kind. 

Fig. 10. — Hydrartinia echinata. Shows beautiful curved spiral stems, which can l>e extended and withdrawn at pleasure. 

PLATE XVII 

Plate xvii. illustrates spiral formations in feathers and teeth, in the muscular arrangements of the heart, and 
in the cast of the ventricular cavities of the heart. 

Fig. 1. — A. Exquisite spiral tail feathers of Wilson's bird of paradise (IHphyllodes udlsoni) (after Guillemard). 
B. Spiral tail feathers of lyre bird, showing l>eautiful double curves ("Royal Natural History"). 

Fig. 2. — Spiral teeth of Babirum alfuru* (after Guillemard). Resemble the tusks of the mammoth and elephant in general shape 
(see Plate xvi., Fig. 2, A and B). 

Fig. 3. — A. Dissection and photograph by the Author (1860) of the apex of the left ventricle of the heart of the sheep. Preserved 
in the Anatomical Museum of the University of Edinburgh. Shows beautiful right-handed symmetrical spiral whorl composed of two 
sets of muscular fibres (a, b) which wind into the interior of the ventricle as indicated by the darts (compare with Plate xiii., 
Fig. 1, G). 

B. Plaster of Paris cast by the Author (1876) of the right and left ventricular cavities of the human heart. Preserved in the 
Museum of the Royal College of Surgeons of England. Shows fine left-handed symmetrical spiral composed of two parts (a, b). In 
this case the spiral runs from the apex to the base of the ventricles (title darts), which is the op])Osite of A, where the spiral runs from the 
base to the apex. Compare with spiral nebulae (Plate viii.) ; spiral flowers (Fig. 13); spiral seeds (Fig. 11, D, E); and spiral shell 
(Plate xiii., Fig. 1, E). 

Fig. 4.— Diagram by the Author (1859), showing that external and internal muscular fibres of the left ventricle of the heart are 
arranged spirally, and form two sets of left and two sets of right-handed spirals : that the two sets of external fibres which constitute 
the left-handed spirals involute and enter the apex and become continuous with the two sets of internal fibres constituting the right- 
handed spirals, which latter in turn evolute at the base and become continuous with the two sets of spiral external fibres as indicated 
by the arrows and the numerals 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. 

PLATE XVIII 
Plate xviii. illustrates spiral formations in the egg-purses of the shark and dog-fish, horns, and sea fan. 

Fig. 1. — A. Spiral egg-purse of Port Jackson shark (Heterodontus philippi). 

B. Ditto. Half natural size. 

C. Egg-purse of dog-fish (Squalus ucanthias). These egg-purses are provided with spiral filaments resembling the tendrils of 
plants, by which they can fix themselves to objects in their vicinity. Like tendrils, they form double reversing spirals. 

Fig. 2. — A. Horns of eland (Orett* canna), forming typical right and left-handed spirals. These horns furnish examples of close 
spirals, and resemble screw nails (compare with Plate cxi., Fig. 1, r). 

B. Head and horns of koodoo (Strepsicerm Kudu). The horns in this ease form beautiful ojnjn right and left-handed 
spirals similar to those seen in climbing plants. 

C, D. Skulls and spiral horns of small antelopes. Drawn by C. Berjeau from photographs by the Author. 

Fig. 3. Corkscrew sea fan (Streptocaulu* pulcherrimus). Forms elegant right-handed spiral (a, 6, c, d, *,/, g, h). 

PLATE XIX 

Plate xix. illustrates spiral shell formations and their resemblance to similar spiral formations in the bony 
portions of the inner ear (human). 

Fig. 1. — Examples of various shells forming elegant right and left-handed close and open spirals. 

A. Euomphcuus pentangtdatus (Woodward). Forms left- 1 landed, close, flat spiral. 

B. Crioceras emerici. Forms left-handed, open, flat spiral. 

C. Ecculiomphalus distans. Forms right-handed, open, flat spiral. 

D. Siliquana anguina. Forms left-handed, semi-open, conical spiral. 

E. Shell (" phragmacone ") of Spirula fragili*. Forms left-handed, open, flat spiral. 

F. Stephanoreras (Ammonite*) humphreMinum. Forms right-handed, close, flat spiral. 

(J. Axis of Archimedes wortheni. Forms left-handed, elongated, close spiral. From Nicholson's and Lydckker's " Palaeontology." 

Fig. 2. — Remarkable examples of right and left-handed spirals occurring in the inner jtortion of the human ear. 

A. Cochlea of ear laid open, a, a\ Osseous wall ; b, b\ lamina spiralis ; c, strands of cochlear nerve folding over at f/, d'. 

B. Osseous labyrinth of left internal ear seen from without, a, Cochlea ; 6, semicircular canals (after Hirschfeld and 
Leveille*). 

Fig. 3. — A. Laminae of eochlea of internal ear exposed (after Riidinger). 

Fig. 4. — Bony labyrinth of right internal ear of child. «, Cochlea. The semicircular canals are seen at the left of the figure 
(after Riidinger), 
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Plate xx. illustrate* temporary ami permanent spiral formations in star-fishes ami in the limbs, ribs, and 
turbinated bones of vertebrates. 

Fin. I.- Striking example uf spirals funned by ihi- roiling of tlie limbs of ,-i britt It-star (Astfiiyx larmi). The spirals resemble those 
intuit- bv the tendrils of i-ertajn plants fur example the vegetable inaimu (Piute ix., Fi^. I, R, C) and [sissi'in Hower (Plate x.. 
Fig. \,}f, git, kl, w«, it, »). Drawn by C. BurjefW from a phntopraph mkeii for the Aiitbur. 

tulicatwl by ibc dirts and letters a, 6, and 

Fin. 3.— Portion uf skeleton of Indian elephant {Kl-pha* iWiVm) in the Museum of the Royal i 'olle»e of Surgeon* of England. 
Shows marked spiralitv in i.hi- iKine* uf the left fur.' and left bind limbs. 
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PLATE XX (ctmt%n*4tS 

t, ril.s; ft *eai.ula ; c, humerus; /, 
uf foot. The tonus of the limba are 
i and Kbula, lliey twist round each olliei 



• •i foot ; h, peM 



A. Vertebral column ; ';, 
i, femur; }, tibia an* I fibula j i, 
M8C of the radius and ulna, and tli 

the extremities of man (Piute xxl., Fi^. I) : the wing uf tlie bird (Fig. IW); the cast of the left ventricle of the heart (Hale * 
F1g.8)i and certain trees (flute \i., Figs. I ami 3; Plate \lii., Fig. 1); fruit (Fig, 16), and hums (Plate xv„ Pig, 9, 1), E). 

Drawn by C. Herjeau [mm ]ihoi"gr,i]ih sju-cially taken Tor the Author. 

Fig. i. —Transverse section of turbinated or scroll bones "f human skull (after Hirschfebl and Levi- i He). The middle (a, 6) and 
inferior (r, •!) turbinated bones are distinctly spiral in their nature ; the right onen (", r) forming i ighl handed and the left OHM left- 
handed spiral*. 
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PLATE XXI 

Plate xxi. illustrates the spiral formation of human bones as seen in the arm, leg, vertebral column, clavicle, 
scapula, and pelvis. 

Fig. 1. — Bones of right up}>er extremity of man with hand pronated : also separate bones. All these bones present fine examjjfe 
of spiral structures ; pronation of the hand Wing performed by the radius twisting round the ulna. 

A. The spiralitv or twist in the humerus or arm bone is indicated by the darts a, 6, and r, d, and in the radius and ulna 
by the darts f, /, and y> h. 

B. Another view of the humerus, the darts, as before, indicating the spiralitv, which is very marked. 

C. Radius (one of the bones of the fore-arm), twisted upon itself. 
1). Ulna (bone of fore-arm), twisted upon itself (see darts). 

E. Different view of ulna. The bones of the lower extremity (femur, tibia, and tibula) are also twisted, and so resemble the 
upper ones. Compare with the fore limb of the elephant (Plate xx., Fig. 3) and the structures mentioned in connection therewith. 

Drawn to scale by 0. Berjeau from specimens in the Author's museum. 

Fig. 2. — Bones of right lower extremity of man, with metatarsal lxme of foot. All these 1 Nines are .spiral in their nature ; the 
spiral being particularly well seen on the posterior surface of the femur or thigh l>one. 

F. Femur or thigh bone seen jiosteriorly. The darts i, j, and k, /, indicate the direction of the spiralitv and how the ridges of the 
1m me tend to cross each other. 

G. Tibia and fibula. In this figure the direction of spiral ity is indicated by the darts q, r, and *, t. 
H. Another view of the tibia; the spirality being indicated by the darta m, //, and «, p. 

I. Another view of the fibula in which the spiralitv is well marked. 

Drawn to scale by C. Berjeau from specimens in the Author's museum. 

Fig. 3. — The human vertebral column or backbone. It consists of a chain of small square-shaped bones with spines and 
transverse processes for the attachment of muscles; the bones being held together by ligaments and inter- vertebral cartilages, which 
act as buffers and diffuse shock. The column displays four an ten ►- posterior curves ; the convexities of two of which are directed 
anteriorly and two posteriorly. There is also a certain amount of lateral curving which enables the column to move practically it 
every direction, namely, from before backwards, from side to side, and spirally rouud its long axis. The column is at once one of 
the strongest and most mobile parts of the body; it is also the most elastic and springy part. It furnishes a perfect structure for 
neutralising shock, especially vertical shock. 

Fuss. 4 and 5. — Illustrate the spiral twisting of the l>one.s in the human clavicle, scapula, and pelvis. These bones, like those of 
the upper and lower extremities, the ribs, «fcc, are all distinctly twisted and spiral in their nature. 

A. Human clavicle spirally twisted and resembling the letter/, the true line of beauty and of strength (see darts <*. 6, and c, rf). 

B. Human pelvis, on the whole the strongest combination of bones in the body. Its several parts are distinctly spuml, at 
indicated by the darts e } /, and g, h. 

C. Human scapula seen anteriorly. This lx>ne is strengthened by strong ridges and processes, which distinctly tend to cross etch 
other spiral -fashion (see darts i>j, and k t I). 

D. Human scapula seen posteriorly. The same spiral twisted arrangement seen in ( ' is repeated (see darts m, w, and a* f>). 

Drawn to scale by C. Berjeau from specimens in the Author's museum. 

§ 8. Examples of Radiating and Concentric Arrangements in Plants and Animals, as illustrating 
Symmetry of Form. 

I have directed attention to the radiating and concentric arrangements which obtain in crystals, in plants, 
and in animals, and the subject, it appears to me, is so important, from a fundamental point of view, that I will be 
excused if I devote a little more time to its elucidation and illustration. On the radiating and concentric arrange- 
ments very largely depend the symmetry of certain crystals and that of the majority of plants and *niTP*l«i 
Symmetry, where radiating and concentric arrangements prevail, is more or less assured. It is otherwise in the 
case of spirals. Single spiral structures are always unsymmetrical, and in order to secure symmetry the spiral must 
be divided into two (or more) portions ; the portions being made to start from corresponding opposite points above 
and below or from the sides, and made to wind into each other. While spiral symmetrical structures must consist 
of at least two parts, they may consist of four, eight, or multiples of these. Symmetry is also produced when right 
and left-handed spirals are superimposed and made to cross each other. 

The radiating and concentric arrangements receive their most striking illustrations in transverse sections of 
plants and trees, but they are seen everywhere ; in crystals, and in plants and animals, and parts thereof. The 
sections of hail seen at Fig. 2, p. 2, and the sections of animal structures depicted at Plate v., p. 9, are very 
illustrative. In order, however, to save the reader the trouble of comparison I append additional examples of 
these arrangements (vide Plates xxii. to lii. inclusive). 

The radiating and concentric arrangements are seen in sections of the stems, branches, and roots of plants and 
trees ; in the arrangements of flowers and fruit ; in the arrangements of spores, zooids, and corals ; in the arrange- 
ments of shells, scales of fishes, horns, hoofs, and claws ; in the arrangements of muscles, nerves, bones, teeth, 4c 
In plants, trees, shells, scales, &c., the concentric arrangements, for the most part, indicate layers of growth. 

The following illustrations (Plates xxii. to xxviii. inclusive) will explain themselves. 



RADIATING AND CONCENTRIC ARRANGEMENTS 



PLATE XXII 







Plate xxii. illustrates* radiating and concentric arrangements in the oak, fir tree, and fungus. 

Pm, l.—A. Transverse section of stem of oak, showing- radiation and eoncentric rings of growth, a, Pith or central portion of 
stem ; ft, c, il, e, concentric woody format i- ms indkjiling; dial tin' imk is six \vars old. The Imrk also consists of *ix layers. 

B. Portion of transverse section of si em of tit nee, illustrating i-iidiiitii'.n and ring* of growth. In this MM tlie fir is three years 
old, as indicated by the numerals I, i, 3 (after J. H. Balfour). 

Fin. B. — Portion of transverse, section of old oak, showing radiation and concentric rings of growth. Fr line photograph 

pretectal) I" the Author bjr Mr. it, A. Rolwtson. 

Ftci. i.— Vunga*(l{tsityriniit <jM»->t), displaying radial ion and on. en trie rings of growth (Mirro-Di. tionary). 



cliinus. radiolarian, diatom, 



1'LATK XXIII 
Plate xxiii. illuHtrat.es radiating and concentric arrange ments in the pine-apple, 
halinmma, and xiphaeantlui, 

Fia.l.-— Transverse section of fresh pine-apple, showing radiating and concentric arrangements, a. Core or Central pan of apple, 
concentric in its naluri'; ft, conceutrie part outside eore : r, •<, t, radiating portioBI of pine-apple. Drawn from fresh spueinien by 
O. lierjeau for the Author. 

Kio. 'J.— Transverse section of spine of echinoide, revealing a rudialiug aiid concentric arrangement, a, Core or central portion ; 
I; concentric rings ; <:, ,1, t, radiating parts of spine (after tilithtli and Henftey). Greatly resembles transverse section of stem of tree 
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RADIATING AND CONCENTRIC ARRANGEMENTS 

PLATE XXIV 




PLATE XXIII (continued) 



(Plate irii- Fig 1, A); radiolarian (Fig. 3 of this Plate); diatom (Fig. 4 of this Plate); ma-urchin (Pit 
scales of fishes (Plate xxiv Fig. 3); sections of hail (Fig. 2, B anil C) ; various crystals as figured at Plates 
various structures delineated in Plate v. The radiating and concentric arrangements obtain ir 



r"'iiv Si! 1 ' ,: 

Certain crystals and in all parts of plan 



Fid. 3.— A radiolarian (Thalauieola -pelatjira) (after Haeckel). Shows radiating and 
■, concentric parts ; d, e, radiating parts. 

Flu. 4. — A diatom (ATOthnoditciu thrmbcrgii), illustrating the radiating and 
torn ; b, concentric portions ; c, d, e, radiating parts. 



arrangements, a, Central ]mrtion; 
arrangements, a, Central portion of 



—Haliomma vtyviliti (after Wyville Thomson). Shows radiating, concentric, and network arrangement of )>arts. 



Fio. 6. — Skeleton of Xiphacantlia mwrraya»A (Guide Book Coral Gallery, British Museum). Reveals radiating and concentric 
arrangement in hard parts uf animals. Resembles the arrangement met with in the spicules of glass sponges (Plate xliv., Fig. T) ; corals 
{Plate xiv., Figs. 6 and 8) ; blood-vessels of lobule of liver (Plate xxxiii.. Fig. 1) ; ganglion nerve celt (Plate xistviii., Fig. 4) ; various 
flowers and trees {Plate xxvi., Fig. 1 : Plate xxviii., Figs. 3 and ft) ; Bter-fiahes (Plate xxviii., Figs. 2 and 4) ; sea anemones (Plat 

"., Fig. 4) ; crystals and dendrites (Plate xxxiv., Ftga. 3 and 4 ; Plate xxxv.. Fig. 4) ; electric spark (Plate xxxi., Fig. 2), &c. ""' 
»ndea ■ ' ' ■ > ■ ■ ...... 



radiating and concentric arrangements are fundamental and u 



sal in the inorganic and organ i< 
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PLATE XXIV 
Piste xxiv. illustrates radiating and concentric arrangements in the sea-urchin, sponge, and scales of fishes. 



Flu. 1. — Aboral surface of sea-u 
shell ; b, hexagonal plates of same 
by V. Berjean (or the Author. 



m (Arbacia). 
inged ' 



ing and concentric arrangement*, a. Central portion of case or 
?, a, t, hexagonal plates arranged in wedges, and radiating. Drawn 



Flu. 2.— Transverse section of sponge (Svcnnrlra) (after Masterman). Shows modification of radiating and concentric arrangements, 
(, Central cavity ; b, prosopyle ; c, <-', inhalent canals ; d. if, exhalent canals, 
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RADIATING AND CONCENTRIC ARRANGEMENTS 

PLATE XXVI 




PLATE XXIV (roJittWoi) 

Flo. a— Scales uf fishes (after Urinther). Keveal radiating mid concentric arrange mt'iit of ]wrt*. The concentric rings, as in trees, 
rtpreMnt layers of growth. 

A. a, Centre of system ; b, concentric rings ; it, r,/, radiating portions of scale. 

B and 0. Similar arrangements and similar letters as in A. 

]), E, F. Slightly modified scales, the radiating or stellate arrangement pie vailing. Tlie arrangements seen at A, B, and (' resemble 
those occurring in transverse section of trees (Plate xxti., Figs. I and 8); certain fungi (Plate ixii., Fig. 3) ; crystals (Plate ix v.. Fig. 1) ; 
(lowers (Plate MV, Fig. 3); corals (Plat* xxv., Figs, a and 6) ; sea anemones (Piute xxvii., Fig. 4) ; limpet and scallop shells (Plate 
Krii, Fig*. 1 and 2); vertical section of human brain (Plate xxvii., Fig. 3), &■. 

PLATE XXV 

Plate xxr. illustrates radiating and concentric arrangements in crystals, flowers, polypes, &c. 

r crystals as figured by Seoresby. These reveal wonderful symmetry and beauty of form. They display fundamental 
iigementa, and may be regarded as starting-points in organisation, furiously enough, the divergency o 



radiating portion* of the crystals are six in number, and hexagonal form 

i). Hexagonal shapes occur in the vessels and other parts of plants, in the epidei 

und in the comb of the honey bee (Plate iv., Figs. 4 and 13), &<■. 

Km. S. — Comatula or feather star (after Dallas). In iU young state it is furnished 
Shows radiating arrangement to perfection. 

Fra. 3,— Symmetrical flowers (after J. H. Balfour), showing radiating and concentric arrangements. 

A. Laimu wMbi B. Ruta grartoten*. 
Fib. 4. — Polype (Eudeniirinm ramosum), magnitied (after Dallas). Much reserabk-s a plant Show 
Compare with Figs. 3, 6, 6 and 8 of this Plate. 



igneous rocks (Plate xl.. Figs. 1 and 
and pigment cells of the choroid coat of the eye, 



ith a stem, and greatly resembles a plant. 



arrangement*. 
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DENDRITIC OR BRANCHING ARRANGEMENTS 47 

{9. Dendritic or Branching Movement in Electrical Discharge— Dendritic Formations in Crystals, 
Plants, Animals, &c. 

Having shown how very intimate the connection is as between crystals, plants, and animals in the matter of 

radiating, concentric, and spiral arrangements, and having further shown that spiral arrangements exist on a grand 

scale in the physical universe, I now proceed to demonstrate that dendritic or branching arrangements also exist 

in crystals, in plants, and animals, and in the physical universe. My contention here is that there is an inherent 

tendency in physical and vital forces to split up the matter (dead and living) on which they act ; the amount of 

splitting increasing in proportion to the amount of resistance encountered, there being less resistance in ether 

than in common air, less in fluids than in solids, and so on. A river when it reaches the flat sands and mud of 

the estuary usually divides into two or more channels ; water forced through a hose on a dry pavement spreads. 

and so does water spilt upon the ground. In like manner the resistance experienced by the fluids permeating the 

body causes the fluids to split up, divide, and bifurcate, and this, it appears to me, has much to do with the 

dendritic or branching appearance presented by the blood-vessels, the coats or coverings of which are laid down 

where the nutritive and formative fluid first meanders. Force takes the line of least resistance in this as in other 

cases, and, as I have explained elsewhere, the vital and physical forces are, as a rule, not opposed to each other but 

work in unison. What is true of the blood-vessels is true of the lymphatics, nerves, and all structures where division 

and branching occurs. The division is, for the most part, longitudinal, but not unfrequently it is transverse, when 

it is known as segmentation. Division may, of course, take place as apart from obstruction in growing structures. 

When a formative agency is at work, as in growth and development, the direction and extent of the division or 

bifurcation is predetermined, and limits set. That a certain amount of resistance is experienced in many cases 

during development is shown by this, that at the points of bifurcation in growing structures there is generally a 

little increase in substance in solids and a slight dilatation of the channel in tubes. The thickening and increase 

in question are seen to advantage in the venation of leaves, and the branching of blood-vessels (Plate xxxiii., Figs. 1 

and 3) ; the increase referred to is seen in the physical universe in electric sparks (Plate xxxi., Figs. 2 and 3, 

and Plate xxxii., Fig. 2) ; lightning flashes (Plate xxix., Figs. 1 and 2) ; and in branching structures generally 

(Plates xxxviii. and xxxix.). 

The vital force during development presses forward, as is well shown in the streaming or river-like advance 
of plasmodium when feeding (Fig. 59, p. :K)2). In this case also there is increase where the living stream divides. 

The dendritic or branching arrangements in the inorganic and organic kingdoms are illustrated by twenty-five 
plates, namely, Plates xxix. to liv. inclusive. 

PLATE XXIX 

Plate xxix. illustrates radiating, branched, waved arrangement in lightning flashes. 

Fig. 1. — Ramified, waved lightning, photographed l»y J. (Yuik. Shows radiating, dendritic, tree-like »ha]>es wholly unlike the 
conventional zigzag lightning pourt rayed by artists. Resembles electric sparks (Plate xxxi., Figs. 1, 2 and 3; Plate xxx., 
Fig. 3; Plate xxxii., Fig. 2); various crystals (Plate ii.); dendrites (Plate xxxiv., Figs. 1 and 2; Plate xxxv., Figs. 1 and 4; 
Plate xxxvi., Fig. 2) ; leaves and trees generally (Plate xxxiii., Fig. 3 ; Plate xlv., Figs. 2 and 3) ; corals (Plate xxxv., Fig. 5 ; Plate 
xxxvi., Fig. 3) ; and parts of animals such as the bronchial tutas, blood-vessels, and other branching structures (Plate xxxix., 
Figs. 1 to 9 inclusive). 

Fiu. 2. — Ramified, waved lightning as seen at Sydney, New South Wales, photographed by H. C. Russell. Shows radiating, 
branching, dendritic, tree-like forms similar to those represented at Fig. 1 of this Plate. The description given under Fig. 1 applies 
to this figure. 

Fio. 3. — Photograph of electric spark where the terminals or discharging poles (positive and negative) are separated four inches. 
Similar photographs are seen at Plate xxx., Figs. 1, 2, and 3. The descriptions given of these figures apply to this. Photographed for 
the Author by Mr. T. C. Gamlen. 

PLATE XXX 

Plate xxx. illustrates lines of force, motion, and light as revealed by electric sparks. 

Figs. 1 and 2. — Electric sparks specially photographed for the Author by Mr. T. G. Gamlen of West Ilartlejiool. The sparks were 
taken in a dark room by the aid of a 10-inch induction coil with 12 volts on coil. Exposure a quarter of a second. The terminal 
or discharging poles (positive and negative) were separated 2, 3, and 9 inches resjiectively. The photographs have Wen reduced to 
suit the size of the page. Show branching lines of force, motion, and light similar in many respects to the lightning flashes represented 
at Plate xxix., Figs. 1 and 2. The descriptions given of these figures may very properly l»e repeated in the case of the present ones. 

Fio. 3. — Branching lines of force, motion, and light obtained as in Figs. 1 and 2 ; the terminals in this rase being separated 
9 inches. These resemble in a striking manner the branched lightning flashes represented at Plate xxix., Figs. I and 2, esj>eciallv the 
latter. Photographed for the Author by Mr. T. G. Gamlen. 
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PLATE XXXII 

Plate xxxii. illustrates lines of force and movement as indicated by blood-vessels and electric sparks. 

Fiu. 1. — Portion of the chorion of a mare injected ami prepared by the Author in 1863 : preserved in the Hunterian Museum 
the Royal College of Surgeon* of England. Shows the extraordinary branching arrangements of the blood-vessels, resulting in '< 




of lightning (Plate xxix., Figs. 1 and 2). From photograph by the Author. 



Fig. 2. -Remarkable photograph presented to the Author by Count Jodko. Shows electric smrks branching and terminating i 
delicate feathery forms. The photograph makes visible the lines of force, motion, and light; the bifurcations or branching beir 
characterised by enlargements which represent minor electrical discharges or explosions — the main discharges or explosions beii 
seen in the more luminous left portion of the photograph. It specially resembles the branching blood-vessels seen in Fig. 1 of th 
Plate, and the several structures and phenomena referred to in the description thereof. 

PLATE XXXIII 

Plate xxxiii. illustrates branching arrangements in the blood-vessels of the liver, in a lightning flash, an 
in a leaf. 

Km. 1.- Blood-vessels as seen in a transverse section of a lobule of the human liver injected (after Sappy). Show branch in, 
radiating, and concentric arrangement, producing a marvellous network of capillaries greatly resembling that seen in many crysta 
(Plates i. and ii.); dendrites (Plate xxxiv., Fign. 3 and 4) ; polypes (Plates xxxv., Figs. 3 and 5) ; the venation of leaves (Fig. 3 of th 
figure); and various animal structures (Plate v.). a, Intra-lobular or hepatic vein radiating and branching to form minute capillar 
plexuses; //, intra-lobular or portal veins breaking up and inosculating with the intra-lobular ones. 

Fig. 2. — Photograph of dendritic markings produced by a lightning flash on the human arm. Resembles crystals (Plate ii. 
electric sjiarks, &c (Plates xxx., xxxi., and xxxii.) ; dendrites (Plate xxxiv., Figs. 1 and 2 ; Plate xxxvi., Figs. 1 and 4) ; branches an 
leaves of plants (Fig. 3 of this Plate), and branching structures in animals (Plate xxxvi., Figs. 1 and 3; Plate xxxviii., Fig. 4 
Plate xxxix., Figs. 1, 2, 4, 6, and 9). 

Fw. 3. — Photograph of a leaf by Count Jodko showing typical, radiating, branching venation similar to what occurs in crystal 
(Plate ii.) ; electric sjrarks (Plate xxxi., Figs. 2 and 3 ; Plate xxxii., Fig. 2) ; dendrites (Plate xxxiv., Fig**. 1, 2, 3, and 4 ; Plate xxxv 
Figs. 1 and 4 ; Plate xxxvi., Fig. 2) ; ]K>lvpes (Plate xxxvi., Fig. I) ; and the branching structur. s in animals enumerated under Fig. 
of this Plate. 

PLATK XXXIV 

Plate xxxiv. illustrates radiating and branching crystallisation as seen in window-panes of houses during fros 
and in rocks. 



Ficjs. 1 and 2. — Hoar-frost crystals forming branching, dendritic arrangements on window-panes and pavements in winter (froi 




Fie. 3.- -Photograph by Valentine of the famous " Rock and Spindle " in the vicinity of St. Andrews, Fifeshire, Scotland. Display 
a remarkable radiating crystallic arrangement resembling a huge wheel with prominent spokes. The Rock and Spindle belongs to th 
Plutonic system of rocks, and is situated on the seashore; its base being immersed at each rise of the tide._ Resembles many_crystal 




the several j>arts of animals (Plate v., B, C, F, H, L, S, Q, AV, and O). 



Fig. 4. — Photograph by Mr. Alexander Thorns of beautiful radiating dendrites on a mineral in his possession. All that is sai< 
under Fig. 3 applies to this figure. 

PLATE XXXV 

Plate xxxv. illustrates radiating, branching, concentric, and segmented arrangements in dendrites, ii 
polypes, &c. 

Fig. 1.- -Photograph of dendritic manganese on lithographic limestone. Shows radiating, branching arrangement so common ii 
electric sparks, lightning flashes, hoar-frost pictures, crystals, plants and trees of all kinds, and animals and ]>arts of animals, when 
there is division and branching of parts. From specimen in the Collection of Scottish Minerals in the Museum of Science and Art 
Edinburgh. Photographed for the Author by George Rodger. 
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PLATE XXXV (enntiMMl) 

Fig. 2. — Sertularia filicula (after Dallas). A jiolype showing a radiating branching of parts and segmentation common in plants 
and a large number of animals. 

Fig. 3. — Eudendrium ramomm (after Dallas), magnified. A polype presenting a flower-like appearance and segmentation of stem. 

Fig. 4. — Photograph of frost flower obtained from the frozen surface of the lake at Davos Platz in winter by Colonel Hume. 
Shows striking resemblance to many crystal?, to numerous plants and flowers, to various polypes, and to many radiating structures 
in animals. 

Fig. 5. OMia (after 
crystals (Plate ii.), electric 

A. Obelia as a whole. 

c, endoderm ; d, stomach; ^generative capsules ;/, horny cusps; // (C), lithocyst ; h (A), medusa bud; i (B, C, D), manubrium; 
j (A), three feeding polypes ; X (C), radial canal ; / (C), tentacle ; in (0), velum. 

PLATE XXXVI 

Plate xxxvi. illustrates radiating, branching, segmented, and spiral arrangements as seen in dendrites, 
polypes, &c. 

Fits. 1. — Photographs of three beautiful polypes. 
A. Fern coralline (Srrtularia fiUcuUt). B. Sea tamarisk (Ih'phawt tamarisca). (\ Lobster horn coralline (A ntennularia ramosa). 

These greatly resemble plants, display radiating, branching arrangements seen also in crystals (Plate ii.) ; dendrites (Plate xxxiv., 
Figs. 1 and 4, and Fig. 2 of this Plate) ; nerve cells (Plate xxxviii., Fig. 4 ; Plate xxxix., Fig. 2); ana other structures, such as bronchial 
tubes, blood-vessels, lymphatics, &c. (Plate xxxix., Fig. 4). Photographed for the Author by George Rodger. 

Fio. 2. — Photograph of dendrite of manganese oxide. Shows radiating, branching arrangement seen in electric sparks, hoar- 
frost pictures, crystals, plants and animals, and parts thereof. From specimen in the Collection of Scottish Minerals in the Museum 
of Science and Art, Edinburgh. Compare with Plate xxxv., Fig. 1. Photographed for the Author by George Rodger. 

Fig. 3. — Red coral (Coralltum rubrum), (after Dallas). Shows branching, tree-like form observable in lightning flashes (Plate xxix., 
Figs. 1 and 2); in dendrites (Plate xxxiv., Figs. 1 and 2; Plate xxxv., Figs. 1 and 4, and Fig. 2 of this Plate) ; in crystals (Plate ii.) ; 
in plants (Plate xlv., Figs. 1, 2, and 3) ; and many branching animal structures, notably bronchial tubes and blood-vessels. 

Fio. 4.— Pentacrinoid larva of the rosy feather star (Antrdon bifida), (after Herbert Carpenter). Shows radiating, branching, 
spiral, segmented arrangements. The rosy feather star presents a graceful, flower-like api>earance which cannot fail to attract attention. 

PLATE XXXVII 

Plate xxxvii. illustrates binary and other forms of division and branching in Infusoria, as figured by W. Saville 
Kent. It also shows how colonies of zooids strikingly resemble plants and flowers in general appearance. 



Fio. 1. — Adult umbellate colony-stock or zoodendrium (( 'odi>siya aliunde*), bearing numerous terminal clusters of associated collared 
zooids, x 650. This colony-stock presents an exceedingly elegant branched appearance, and might readily be mistaken for a plant 
in flower. The arrangement of parts points to a common law of development in plants and animals. 



Fig. 2. -Two colony -stocks or polythecia (Polyuai duhotoma), x 1000. Illustrates binary division or branching in low animal 
forms. 

Fig. 3. — Adult zooid (Monosiya angmtata), x 2500, with nucleus, contracting vesicle, collar, flagcllum, &c. 

Fig. 4. — Adult zooid (&tlpiny<xca ampulla) with fully -developed protecting covering or lorica, x 1250. 

Fig. 5. — A more advanced condition of the same. 

Fig. 0. — An Infusorian (Salpingoeca minuta) with sarcode protruding. This figure illustrates the extraordinary power of changing 
shape possessed by the lower animal forms. The collar has oeen retracted by a centripetal movement, and the animal has virtually 
assumed a new shape. 

Fig. 7.— Single form dividing by longitudinal fission. Here the bifurcation or division which is so common in plants and 
animals, and parts thereof, is very well seen. 

Fig. 8. — Monosiya consociata with collar and flagellum in the extended (a) and retracted condition (6). In the latter case the 
zooid is entering on the encysted state, x 1500. The retraction of the collar and flagellum by centripetal movements completely 
alter the appearance of the zooid. 

Fio. 9. — Spheroidal cluster of associated zooids (Codosiga botrytia) with one zooid detached, x 650 (Stein). Shows exquisite 
symmetrical, flower- like arrangement of parts. 

Fio. 10. — Colony of three Codosiga yrossularia with their collars conically contracted and with protruding paeudopodia, x 1000. 
Illustrates the centripetal and centrifugal power possessed by zooids of changing shai>e. The sarcous elements of muscle possess 
similar jwwers. 

Fig. 11. — Colony-stock of Codosiya botrytis, revealing first traces of membranous collars, x 1000 (Frensenius). 
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PLATE XXXVII (rrwffiHWrf) 

Fin. 12.— Two collar-bearing, loricate moulds (Sitl/riniprm jn-tiolala and Ijagtwica cutpuialn), x 1250 and 1500. 

Frit. 13.— Branch let with thrw zooids of fully (level oped colony-stock (Corfn«J7a q/mo*i). x 1250. 

Flu. 11.— Fiee-ilouting colony of zooids with collars and tlagella imperfectly indicated, x 600 (De Fromentel). Shows radiating, 
itcl lute arrangement. 

Fro. 1.1. — Branchlet with two zooiils (f'ntlonga ri/Momi). the one to the left (a) encysted and separated by segmentation, x liJifl. 
In this case the segmentation nnd division is transvei-sc, while in Fig. 7 it is longitudinal. The longitudinal and transverse division nf 
znoids illustrates a general principle, namely, the power imesewd liy living things of splitting and subdividing in various directions. 
Longitudinal division in illustrated in the. branching of plan tit, and in the brandling of parte of animal*, aa in blood-vessels, bronchial 
tubes, &e. Tlie transverse division is seen in many jilant.s, and obtains: in articulate and vertebrate animals, 

FlO. 10. — ("term of xooid (Katpingntrtt ampulla) attached anil developing its collar and protective lorica, x 1200. 

Fros. IT and 18. — Zooids (Miiiuisiija rorunruita) with collars and flagella retracted and assuming vacuolar aniceboid phase, x 1 ;">( « >. 
Here the extraordinary power jiosses-ed by simple animals of reverting to a simple or primitive condition is strikingly manifested. 

Flti. 19. — Two ailnll zooiils (Sulpinataa minitta) and single undeveloped germ (a\ attached to an empty lorica, X 10«0, 

Flu. 20. — A single attached zooid (Hdpingaxa mi/uita) shotting nucleus (fi) anil contractile vesicles (ev\ x 1200. 

Fto. 21. — Free swimming zooid (Godoriga bolryti*) detached from sedentary colony, with collar contracted, xfl&O, 

Fid. 22.— Similar zooid coalescing or conjugating with a sedentary zooid (Stein). Illustrates how zooids merge and fuse 
into each other. 



Fid. 23.— A zooid (Nafyingterti ronrallnrin) d 
Oomjiare with Figs. 7 and 15 a. 

Fio. 24. — A zooid emitting minute 
outwards or centrif 
action. Similnr powers, 
elongated or shortened. 



iding b 



mid emitting minute jweudo] iodic liroce; 

ifugal action of the body Barcode. They i 

1 ' possessed by the 



longitudinal fit 
■ses, x(I0O(Ste 



x (150. Illustrates the dichotomous division of zooids. 



These processes arc produced by a voluntary pushing 
-rged in the body aarcode by an opjiosite or centripetal 
lenient* of muscles, in virtue of which muscles arc voluntarily 
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PLATE XXXVIII 

Plate xxxviii. illustrates branching and radiating arrangements in muscle, blood-vessels, bone, and nerve 
ganglion. 

Fig. 1.— Spindle-shaped nucleated cells occurring in involuntary muscular fibres (after Arnold). 

A. Muscular fibre treated with serum. 

B. Muscular fibres from the intestine isolated by means of nitric acid. 

C. Dichotomously divided muscular fibres from a pleuritic membrane. 

Fio. 2. — Branching capillary blood-vessels (after Strieker). 

A. Capillaries from intestine of snail, irregularly lobed cells (a). 

B. Small capillaries with futiform cells (b) from mesentery of Leuciseus. 

C. Capillaries of the pecten of the eye of the bird, exhibiting polygonal cells (c) ; the hyaloid membrane covering the capillaries 

is given at d. 

Fig. 3. — Bone trabecular with osteoblastic layer, from the ]>arietal bone of a human enibvro at the fifth month (after Bollet). 
Shows radiating arrangement, a, Cells (odroblarts) crowded and undergoing ossification, more advanced at 6, where radiating and 
branching occurs ; r, trabecular matrix in which cells occur. 

Fig. 4.— Multipolar ganglion (nerve) cell from the anterior horn of the spinal cord of an ox (after Strieker). Shows radiating, 
branching, and concentric arrangements. The ganglion contains a nucleus and nucleolus. This form of nerve centre virtually 
discharges brain functions, and may not inaptly be designated a brainlet. a, Axis cylinder process ; b, c, d> e, branched pro- 
cesses, x 300. 



PLATE XXXIX 

Plate xxxix. illustrates radiating, branching arrangements in the human skin, ganglia, and nerve baskets, 
the mesentery, and papillaB of tongue. 

Fig. 1. — Section of the skin of the hand magnified twenty times (modified from Hirschfeld and Levcille). Shows radiating, 
branching, and spiral structures. 

A. «, Horny, and A, mucous layers of the epidermis; c, corium; r/, pauniculus adiposus; e, fat cells ; /, spiral sweat glands 
owning on surface at g, g, g ; h, nerve ending in Pacinian bodies (V); j, nerves ending in loops; k y nerves ending in free ends; 
/, capillary plexus of vessels. 

B. a, Two collateral nerve branches from the palmar surface of the index finger ; b, Pacinian or touch corpuscles attached to 
said nerves, natural size. 

C. Pacinian corpuscles magnified 100 times. <i, Nerve with sheath (b) ; c, free end of nerve surrounded by fluid ; a\ capsule. 

Fig. 2. — Nerve baskets from spinal cord of ox (after Oerlach). Show radiating and concentric arrangements, a, Nerve fibre 
dividing into two branches (b, b) which communicate with the plexuses of nerve fibres (e, r) in connection with the two nerve cells 
(d, d). Prepared with carmine and ammonia, from the spinal cord of an ox, x 150. 

Fig. 3. — Miliola (Protozoa). Shows radiation and branching of sarcode (Chapman). 

Fig. 4.— Loop of human intestine with mesentery. Shows radiating and branching arrangements in the blood-vessels and 
lymphatics, a, Artery ; b, vein ; c, lymphatic gland ; d, lymphatic vessels. Drawn by C. Berjeau for the Author. 

Fig. 5. — Granite veins traversing gneiss, Cape Wrath (Lyell). Shows radiation a*hd branching as in blood-vessels. 

Fig. 6. — Fossil crinoid (Cyathocrintis planus. Miller). Body and arms. Mountain limestone. Shows radiation and branching as in 
trees and blood-vessels. 

Fig. 7. — Fossil corals. 

A. (Lmwdalein floriformis, M. Edwards). Young sj»ecimen, with buds or corallites on the disc. 

B. (IMhostrotvm floriforme, Fleming). Part of a full-grown compound mass. Shows radiation and budding, and how the 
buds or corallites become hexagonal-shaj>ea from growth and pressure as in epithelium pigment of liver cells, &c. (after Lyell). 

Fig. 8.— Gromia tcrricdla (after Leidv). A rudimentary animal which has the power of projecting and withdrawing its body 
substance (sarcode) by voluntary centrifugal and centripetal movements. Similar movements occur in the sarcous elements of 
voluntary muscle. The projected sarcode forms a radiating network, and represents lines of movement and force analogous to those seen 
in electric sparks (Plate xxxi., Figs. 2 and 3). The animal as a whole affords a good example of radiating, branching, concentric 
arrangements. 

Fig. 9. — A. Section of circumvallate papilla? of human tongue, x 150. a, Epithelium ; 6, taste bud ; <*, injected blood-vessels ; 
d, corium ; e, gland with duct (after Heitzmann). 

B. Section of fungiform papillae of tongue with blood-vessels injected. «, Epithelium ; />, corium ; c, blood-vessels ; a\ lymphoid 
tissue ; i, muscular fibre (after Heitzmann). 

C. Section of two filiform jtapillre of tongue. Lettering same as in B (after Hartmann). 

D. Two filiform papillae ; the one with the epithelium and the blood-vessels injected, the other without, a, Substance of papilla) 
divided at their upi>er extremities into secondary papillae ; 6, epithelial covering, laminated portion, between the papillae, but 
extended into hair-like processes over the secondary papillae (c) ; <f, c, artery and vein. Show radiating, branched arrangements. 
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62 DESIGN IN NATURE 

PLATE XL 

Plate xl. illustrates in a striking manner well-marked resemblances in inorganic and organic structures as 
regards longitudinal cleavage and transverse cleavage or segmentation. 

Km. 1. Photograph of Fingal's Caw, Stafta, in the west of Scotland. Consists of vertical basaltic columns largely hexagonal in 
shape. They are separated transversely at short intervals as in a vertebral column. 

lunms resemble those found in FingaVa 
•leavages in Plutonic rocks to perfection. 
ages are seen in \ydrated starch (Kig. 3 of this Plate). They greatly resemble the cleavages observed in plants and 
animals, especially the latter (Fics. .">, 6, 7, and 8 of this Plate), and ]>oint to a law of development or differentiation common to the 
inorganic and organic kingdoms (the Author). 

Fn*. 3. Pentagonal and hexagonal prismatic columns resembling those found in Fingal's Cave and the Giant's Causeway, 
produced artificially by evaporating and desiccating a fluid mixture of starch (the Author). 

Mississippi 
Oave 



Fig. 2.— Photograph of portion of the Giant's Causeway in the north of Ireland. The cob 
Cave (Fig. 1 of this Plate). Fics. 1 and '2 of this Plate show the longitudinal ami transverse cl 
Similar cleavages are seen in nydrated starch (Fie. 3 of this Plate). Thev greatly resembl 



(D 
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Fkj. 4. Fossil coral (Lithv*trntion hmiltifornw) found in England, Ireland, Russia, Iowa, and westward of the Mississi 
>. I>. Owen). Shows beautiful prismatic, hexagonal columns, wonderfully resembling the lwsaltic rock columns found in Fingal's O 
d Giant'* Causeway (Figs. 1 and 2 of this Plate), which I have shown can l»e produced artificially (Fig. 3 of this Plate). 

Kn;. .">.-- Fin or wing of the sturgeon (Aa'penurr), (after Utinther). Displays well-marked longitudinal cleavage with a certain 
amount of transverse cleavage, r, »•, </, Root and thick, tapering semi-rigid margin of fin; /, Uiin, elastic margin of fin. The 
triangular shape and graduated structure of the fin furnish the tyi>e for all propelling fins and wings — fins and wings having much 
in common, the latter being larger. 



Fig. o\— Fore-limb of Ceratodus, a member of a family of very ancient fishes, dating back to the Triassic and Jurassii 
still surviving in Australian waters (after Utinther). Shows typical radiating, branching, segmented arrangements. The 
forms a paddle rather than a tin or wing. It is not graduated, as in Fig. 5, to form a propelling organ. «, b f Root of 



urassic eras, and 
The fore-limb 

>asal cartilage supporting tapering segmentea axis and diverging rays ; d, tip of fore-limb ; <?, anterior, and /, posterior 
margins of same. 

Fin. 7.— Trilobite (Ifomahmttu* tlelphinocrphalu*), (after Nicholson). Shows transverse cleavage or segmentation. 

Fig. 8. Human vertebral column or lwekbone (after Holden). Shows branching and typical transverse cleavage or segmentation. 
Compare with Fig. 7 of this Plate, and with the figures of Plate xxxix. The alternating curves presented by the backbone form a 
veritable line of beaut v. 

Fici. 1). — A young coral (Lonstlahia jtorifonni*) with buds or corallites on the disc, illustrating calycular gemmation (M. Edwards). 



HEXAGONAL STRUCTURES 

In the United Kingdom and in almost every country in Europe igneous rocks occur. They do not necessarily 
form hills with cones and craters indicating their origin. Thus the rocks of Staffa in Scotland and the Giant's 
Causeway in Ireland are called basalt, and are known to be volcanic, as they agree in their columnar prismatic 
structure and mineral composition with the lava which has flowed from the craters of volcanoes. The remarkable 
structure of these rocks is supposed to be due to shrinkage and consolidation on cooling. Similar columnar pris- 
matic structures are produced when a mixture of hydrated starch is slowly dried oft in the sun or in an oven. In 
both cases the columns, generally pentagonal or hexagonal in shape, are divided transversely at more or less 
regular intervals. 1 

I direct attention to the basaltic prismatic columns as the longitudinal and transverse cleavages and hexagonal 
outline which they reveal re-appear in many living plant and animal structures. The longitudinal and transverse 
cleavages are seen in the Equisetaeeae, in cones and branches among plants, and in the segmented animals with limbs, 
bronchial tubes, &c. The hexagonal formations are witnessed in epithelial and liver cells, in scales and coverings, 
in transverse sections of fasciculi of muscle, in the enamel of teeth, in the honeycomb, in old-world corals, &c. 
A familar and striking example (Eunomia radiata) occurs in the coralline limestones. This is found in the Great 
Oolite, near Bath, where it is very conspicuous ; single individuals forming masses several feet in diameter, and 
which probably required centuries for their formation. Another good example (Favasiies cervicornis) is met with 
in large numbers in the Devonian and Silurian groups, in the great limestones of Plymouth and Torbay. An 

1 Tin* following is the account given of these curious and interesting structures hy Sir rharles Lyell : "One of the characteristic forms of 
\olcauic rocks, specially of lmsalt. is the columnar, when* latere masse* arc divided into regular prisms, sometimes easily sejmrahlc, hut in other 
cases adhering tirmlv together. The columns vary in the uumU-r of angles, from three to twelve : but they have most commonly from five to 
seven sides. They arc often divided transverselv.at nearlv espial distances, like the joints in a vertebral column, as in the (iiant's Causeway in 
Ireland. They vary exceedingly in respect to length and diameter. I>r. MacCulloch mentions some in Skye which are almut 400 feet long: 
others, in Morven. not exceeding an inch. In regard to diameter, tin »se of Ailsa measure S* feet, and those of Morven an inch or leas. They 
are usually straight, hut sometimes curved : and e xam pit's of lmth these occur in the island of Statfa. In a horizontal lied or sheet of trap the 
columns an* vertical : in a vertical dike thev an* horizontal." 
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outstanding and very illustrative example is found in Ieastrmt oblonga. In this the hexagonal and radiating 
arrangements are beautifully preserved. The hexagonal arrangement also occurs in the fossil fruit of Podocarya 
Bucklandi and in the shell of the fossil Echinodcrm (Ananchytes ovatus). 

Two other fossil corals may be cited in this connection, namely LUhostrotum basaUiforme and I.onsdalriu 
fioriformis. These fossil corals are met with in the mountain limestone, and have a very wide range ; extending as 
they do from the eastern borders of Russia to the British Isles, and being found everywhere in both countries. They 
show a columnar hexagonal arrangement, and also a radiating and concentric arrangement frequently met with 
in inorganic masses and in crystals. 

The radiating and concentric arrangement is seen to advantage in transverse sections of the Palxozoic and 
Neozoic types of lamelliferous cup-shaped corals and in transverse section of the fossil tooth of the iguanodon 
(Iguanodon mantrllii). The columnar hexagonal arrangement is also seen in Favosites gothlandica, where the partitions 
in the tubes greatly resemble the walls of the honeycomb of the bee. 

The columnar, radiating, concentric, segmented, and branching arrangements in corals and echinoderms are 
seen to advantage in the annexed Figs. (17 to 22 inclusive). 




Fin. 17.— A. Coral known as Lithtxt ration banaltiformt (IMhotin- 
(ion utrutlitm, Fleming). Occurs in England, Ireland, Hussia, Iowa, 
and westward »f the Mississippi, United States. Shown columnar 
hexagonal arrangement of tubules of coral resembling the cell* of 
the honeycomb and the lasaltic columns met with at StarTa in 
Scotland and the Giant's Causeway, Ireland. Compare with Fig. YJ 
(after D. I). Owen— interpreted by the Author). 

B. I'yatkotrimu earyticrinovle*. Pelvic or body of orinoid ; called 
also calvx or cup. 

C. One of the ] el vie plates. 

D. Surface of one ill the joints of the Btein (after McCoy). 



Flfl. 18.— Other Corals. Faivrites gotliiawii.-a, Lam. (Dudley). 

A. Portion of a large mass of coral ; loss than natural sine. 

B. Magnified portion of A, to show the pores and the partitions in the lubes. Illustrates 
hexagonal and segmented arrangements. Compart' wilh Fig. 3, 

C. Umpkffnm turbituitniii, Linn. sp. (Cijulh^JujUiim, Goldf.). Wenlock limestone, 
Shropshire. Shows longitudinal and transverse markings with radiation and branching 
(after Lyell — interpreted by the Author). 





Fio. 10. — Columnar columns artificially produced by the eva]ioration and drying of 
liyd rated starch. These columns constat of hve and six-sided prisms resembling similar 
columns of igneous origin occurring at Staffa, Scotland, and the Giant's Causeway, Ireland. 
Their senura! outline corresponds with that of the tubes of many corals, and with the cells 
of the honeycomb, &c. 

A. Mass of starch columns, for the most part six-sided. 

Ii. Mass of starch columns with five sides. 

C. Very perfect hexagonal column slightly twisted upon itself. 
The hexagonal columns formed by the action of fire and by evauoration and shrinkage 
are solid ; those formed by the coral and the bee are hollow (the Author). 
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Fig. 20- — Pabeozoic type of lainelliferous cup-shaped coral. Order '/. 
EAnrM 

A, Vertical flection of Campupkylliim flrxHOntm, half natural size, Vi-oi 
Eifrl. The laniellw are arranged around the inside of the ill]); the wall* d 
*ixt luge transverse plates, railed Minis, divide the interior into chambers. 

E Arrangement of the lamella in I'olijrulin profunda, natural si/*, from the luagnesian 
limestone, Durham. Shows quadripartite arrangement of primary septa, (here i>ei)Lg four t>iiiici|uil 
and right intermediate lamella — multiple of fuiir. 

('. Slatiriaastmifoiinii (Milne Edwards). Young group, natural si/e. Upper Silurian, Gothland. 
Tie Ismellee in each enp are divided by four prominent ridges into four groups. Then' corals 
illustrate radiating, concentric, and segmented arra moments (M. Ed wan Is— interpreted by the 
Author). 




Km. 20. 




Fin. 31,— A, Body and arms of crinuid {<U,. t lho- 
ri-inw jil'inn*, Miller). Occurs in mountain limestone. 
Shows hexagonal arrangement at ham; and branching 
arrangement at body and free extremity. Naturally 
in- ci in res vertical position. 

B. Young specimen of coral (J.oHtdtilr.ia JUtrifornif, 
M. Edwards), with buds or corallites on the disc illus- 
trating calycular gemmation. 

('. Lithittratiim iodfarntr (Fleming). Part of a 
full-grown compound mass. Shows hexagonal outline 
of tubules and concentric radiating arrangements of 
interior. Bristol, Ac, Russia (after Lyell). 



Fiij. 22. — Neozoic type of lamelliferons enjt-ahaped coral. Order Zoaitthnri-i aporomi (Milne Edwards). 

A. Paniimilia ctHtntlit (Mantetl). Vertical section, natural size. Upper chalk, Gravesend. In 
this type the lamellte are massive and extend to the axis or enlumelta, composed of loose cellular tissue 
without any transverse plates. 

B. fgathina Ixmtrbiiiikii (M. Edwards). Transverse section enlarged. Gault, Folkestone. In 
litis coral the primary septa are a multiple of six. There are twelve primipal plates, uud lietween each 
pair three secondaries — in all forty-eight. 

t*. Futigiu jtalriUirU (Lamk). Recent ; very young state. Magnified. Shows six primary and 
■ix secondary aepta. Illustrates radiating arrangement (after Lyell— interpreted by the Author). 




The columnar, hexagonal, prismatic, radiating, and concentric arrangements met with in inorganic and organic 
structures are, it appears to me, governed by laws not at present understood. Neither physical pressure, contrac- 
tion and shrinkage, growth and expansion, nor the action of heat and cold of themselves fully account for them. 
The hexagonal, prismatic columns of basalt and starch are solid ; the hexagonal columns of corals and the honey- 
comb of the bee are hollow. The basaltic columns arc produced from a hot fluid mixture, those of starch from a 
cold fluid mixture. The columns divide transversely as well as longitudinally. The more or less shapeless living 
sarcode of the coral cannot possibly supply the model for the hexagonal symmetrical tubes which these interesting 
creatures produce singly and collectively ; neither can the cylindrical body of the bee furnish the model for the 
hexagonal cells of the honeycomb ; a cylinder cannot be the pattern for a hexagon, the cylinder being round, the 
hexagon angular. Neither can shrinkage and expansion, taken separately, wholly explain the phenomena. The 
basalt and starch assume the hexagonal prismatic form presumably on contracting ; the epithelial cells of the skin, 
the liver cells, and the pigment cells of the choroid of the eye presumably on expanding and indenting each other. 
The same results are obtained by apparently diametrically opposite methods and, what is remarkable, in inorganic or 
dead, and in organic or living matter equally. Similar observations have to be made regarding the radiating and 
concentric arrangements. These, curiously enough, occur in crystals and in plants and animals. Here again the 
boundary between the dead and living disappears. The more this subject is looked into, the more it will appear 
that a hard and fast line cannot be drawn between inorganic and organic matter, and between physical and vital 
force. This circumstance, singly and alone, goes far to prove the presence of a Creator and the existence of laws 
which apply equally to the rocks, crystals, ic, and to plants and animals. The atoms and molecules which enter 
into the composition of all known substances, dead and living, behave similarly in the inorganic and organic kingdoms. 
Of this I am fully convinced. 

The two great kingdoms of nature are correlated, and interact to an extent at present undreamt of. They 
are not opposed to each other, as some hastily conclude. The organic is taken from and returns to the inorganic, 
and the inorganic, or part of it, becomes animated from time to time. Both kingdoms form one. great whole, and 
they are created, regulated, and supervised by the same master-intellect. It is not a case of a house divided against 
itself, but one of complete harmony, where everything works to a given end, and for good. 
VOL. I. I 
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CLEAVAGE AND SEGMENTATION 67 

PLATK XLI 

Plate xli. illustrates cleavage or segmentation in animals ; also, in a minor degree, radiating and concentric 
arrangements. 

Fig. 1. — Dissection of earthworm, by Masterman — dorsal view. Shows transverse divisions and septa. 

A. Superficial dissection, a, Pharyngeal muscles ; />, pharynx ; r, lateral hearts ; <', oesophageal glands ; r y dorsal blood-vessel ; 
/ croji ; g, gizzard ; h, intestine. 

B. Deep dissection with alimentary canal, &c., removed. /, Brain ; j, septa ; k; ncphridia ; /, nerve cord ; w, sperinatheca ; 
*, seminal vesicle ; o, ovary ; p, vas deferens ; q, oviduct. 

C. Transverse section of earthworm in intestinal region. Shows radiating and concentric arrangements, </, Cuticle ; 6, ectoderm ; 
r, circular muscles; rf, longitudinal muscles; /, yellow cells; ;/, dorsal pore; h % dors.il blood-vessel; i, typhlosole ; j, intestine; 
k, peri-visceral cavity ; f, nerve cord ; tm, ventral blood-vessel. 

Fig. 2. — Views of adult and young tapeworm (Taenia solium), (after Leuckart). Show segmentation, radiating, branched, and 
concentric arrangements. 

A. Body of adult Teenia segmented transversely (Taenia mginnta). 

B. Head of Taenia with circlet of hooks (f?), four suckers (o), and primary segments (c). 

G. Semi-diagrammatic view of a single proglottis of Tienia. «, Ovary ; b, testis ; c, receptacle; r', seminal vesicle; r, common 
sexual aperture ; /, uterus; g 9 yolk-gland ; /1, shell-gland ; 1, excretory canal ; j t nerve cord. 
D, E, F, G, H. Development of Taenia solium. 

Fig. 3. — Diagrammatic, median, longitudinal section of an aseidian hv Masterman. Shows longitudinal and transverse division. 
a, Mouth ; b, buccal cavity ; c, peripharyngeal groove ; d, pharyngeal clefts ; e, eudostyle ; /, pharyngeal part of ventral vessel ; 
«/, heart ; h, gonad ; % nerve ganglion ; i, subneural gland ; A-, atriopore ; /, intestine ; m, genital duct ; *?, atrium ; o, dorsal blood- 
vessel ; p> teat (cuticle) ; q, mantle (ectoderm) ; r, stomach ; *, intestinal part of ventral vessel. 

Fig. 4. — A. The common crayfish (Astacn* fluviatili*, male), (after Huxley). Natural size. Shows radiation, branching, and 
segmentation in the limbs, claws, &c, and transverse division and segmentation in the body. 

B. Dissection of the same from above, to show the central nervous system, &c a, Supra-tesophageal ganglion ; //, infra-o'sophagcal 
ganglion ; c, fifth thoracic ganglion ; d> last thoracic ganglion ; <', last abdominal ganglion ; /, optic nerve ; </, antennulary nerve ; 
X, antennary nerve ; i, stomato-gastric nerve ; j, circum-cesophageal commissures ; k, (esophagus in cross section ; /, vent. 

PLATE XL11 

Plate xlii. illustrates spiral, longitudinal, radiating, and transverse division in plants and animals, and parts 
thereof. 

Fig. 1. — Photograph of plane tree (Arcr jMinloplatanns) growing at Deans Court, St. Andrews, X.B. Shows spiral, longitudinal 
division of stem or Dole. This is a rather common arrangement in the trunks of trees generally. The spirals may be right or left- 
handed. Similar spiral arrangements are seen in water-spouts (Plate vi., p. 13) ; the stems of many plants (Plate x., Figs. 1, 2, ami 

tusks (Plate xvi., Fig. 2); the l>ones of animals, 
umbilical cord, and certain intestines (Plate xii., 
The spiral, it will l>e seen, is no chance product 
in nature (the Author). 

Fig. 2. — General views of the layers of the retina of the human eye (after Max Schultze). Show longitudinal and transverse 
division. 

A. The layers magnified 400 diameters, a, Membrana limitans interna; b, optic fibre layer; r, ganglion -cell layer; (/, internal 
granulated (molecular) layer ; e, internal granule layer ; /, external granulated (intergranule) layer ; g, external granule layer, including 
the external fibre layer ; A, membrana limitans externa ; t, layer of rods and cones ; j, pigment layer. 

B. The posterior part of the fundus of the human retina magnified 800 diameters. /, External granulated layer ; #/, external 
granule layer ; A, limitans externa ; t, rods and cones ; the supporting connective tissue is omitted in this figure. 

(.'. Cone and cone fibre, the latter presenting varicosities : from the vicinity of the yellow spot of the retina of the human eye. 
Magnified 500 diameters. 

Fig. 3. — Cuttlefish (Sttpia officinale). Shows longitudinal, slightly radiating division and transverse markings. 
A. Dorsal view of cuttlefish. B. Ventral view of cuttlefish. 

Fig. 4. — Vertical section of sea anemone, copied from a water-colour drawing by ('. Berjeau in the Zoological Department 
of the British Museum. Shows radiating, branched arrangement, «, Non-pinnate tentacles, the cavities of which communicate with 





Fig. 5. — Fibrils of voluntary striped muscle in the uncontracted and contracted states, as figured by Professor Rutherford. Show 
longitudinal and transverse cleavage. 

A. Fibrils of extensor muscle of crab's leg, uncontracted and fully extended. 

B. Fibrils of muscle of crab's leg, uncontracted and unextended. 

C. Bundle of semi-contracted fibrils from muscle of crab's leg. 

D. A further stage of contraction of muscle of crab's leg. 

E. Fully contracted muscle of crab's leg, showing complete reversal of stripes. 

F. Contracted muscle from same preparation as that figured at £. 
O. A bundle of contracted fibrils. 

The sarcous elements of the fibrils, as the author explained in 1872-3 (Eilin. Me*L Jonr.)> are endowed with a centripetal and centrifugal 
power, whereby they can elongate in the direction of the length or breadth of the fibril, according as the fibril is to be lengthened or 
shortened in the so-called relaxation and contraction of muscle. The original diagrams illustrating this point are given at Plate 
lxxxiiL, p. 390. 
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PLATE XLIII 

Plate xliii. illustrates longitudinal and transverse cleavage and branching generally in plants, animals, and parts 
thereof. 

Fi<;. i. — p ar t of longitudinal section of the developing femur of the rahhit, magnified 350 diameters (after Klein and Noble Smith). 
Shows longitudinal and transverse cleavage very distinctly. «, Rows of flattened cartilage cells ; 6, greatly enlarged cartilage cells close 
to advancing bone, the matrix l>et\veen them being partly calcified; f, c/, bone, already formed, the osseous trabecule being covered 
with osteoblasts (<*, r), excej>t here and there, where a giant cell or osteoclast (/,/) is seen eroding parts of the trabecule ; <j y h 9 shrunken 
irregular cartilage cells ; t, t, vascular loops. The lower half of the figure shows the disappearance of the cartilage cells, the formation 
of calcified cartilage matrix, and the deposition by the osteoblasts of secondary osseous substance. 

Fig. 2. — Nymphon abyatorum (after Cuvier). Shows an extreme example of segmentation in body and limbs of deep-sea crab 
(after Wyville Thomson). 

F111. 3.— "Dead leaf" insect (PhyUium siccifoliuin, female). Shows resemblance to the venation and branching of leaves in its 
flattened Itody and legs. The peculiarity in form in this insect and in the stick insect (Fig. H of this Plate) cannot be explained by 
mimicry. Animals have no power to imitate or grow like anything but themselves. Like can only lieget like. 

Fig. 4. — Egg of fish (Jarrabarca), showing the branching of the vessels in the vitelline circulation (after Dal ton). 

Fig. "). — (fohode* araneoide*, a spider-like animal (family Solpngid«). Shows segmentation of body and great elongation and 
branching of the limbs. The limbs might readily be mistaken for small (lead branches. 

Fig. (). — The stick insect (Proscopia nodula). So named from its marked resemblance to small dead branches (after Cuvier). 
Shows segmentation and branch inc of body and legs. The peculiar form of this insect cannot be referred to mimicry. It can only 
be explained by a common law of development. 

Fig. 7. — Acacia far netiana (after Darwin). Atiords a good example of branching. 

A. Shows the leaves expanded during the day. B. The same folded at night. 

Fig. 8. — Portion of leaf of insectivorous plant {Drompityllmn limtanicum), (after Darwin). Shows peculiar mushroom-shaped glands. 

Fig. !). Chara, a plant allied to the Alcie (after J. H. Balfour). Shows branching and spiral formation. The arrows indicate 
the direction of the .spiral intra-cel hilar circulation. 



PLATE XIJV 

Plate xliv. illustrates striking resemblances between the convolutions of the human brain and the hard parts 
of certain corals ; also between the hard parts of Vcnus's flower-basket and the spiral muscular fibres of the left 
ventricle of the heart of the bird and mammal ; also between the spicules of sponges and certain crystals. 

Fig. 1. — External convolutions of the human brain. Shows folded plicate arrangement. 

Fig. 2. — Brain coral (Mxandrim ccrrbrifonni*), so named from the hard ]*arts of skeleton greatly resembling the convolutions 
of the human brain. The resemblance is so striking as to ]>oint to a common law of growth. It cannot l>e explained by mimicry 
(photographed by the Author). 

Fig. 3. — Transverse section of upj>er j>art of tooth of Lalnjrinthoduii jwytri, magnified. «, A, Margins of section (after Owen). 
Shows a remarkable convoluted arrangement greatlv resembling the human brain (Fig. 1 of this Plate) and the brain coral (Fig. 2 of 
this Plate). 

Fig. 4. — The same tooth : natural size. The centre is the pulp cavity from which the processes of pulp and dentine radiate. The 
combined radiation and plaiting and folding of the substance of the tooth is, in a way, unique. The letters a, />, indicate the position 
from which the section shown in Fig. 3 was taken. 

Fig. .">. — Snow crystals as figured by Scoresby. These are compound branched crystals, the branches being six in number. 
Curiously enough the sponge spicules have also, in many cases, six branches or rays. The radiating arrangement is well marked in 
both. Here again there seems to be a common law of development. 

Fig. 6.— Fertilisation of the ovum of an echinoderm (after Selenka). «, Zona pellucida ; 6, entrance of the spermatozoon into the 
protoplasm of the vitellus (c), with radiating and concentric arrangement of its granules. Shows the fundamental nature of the 
radiation and concentric arrangements. Here they present themselves at the very beginning of life. They are also found in all kinds 
of adult animal structures (ride Plate v.), and in crystals and plant structures (Plates 1., ii., in., and iv.). 

Fig. 7.- -Spicules of glass sponges (magnified). In the centre is a node of the dictyonic network of a ventriculite (Guide to Coral 
(lallery, British Museum). Show l>eautiful symmetrical forms greatly resembling crystals. Compare with the snow crystals delineated 
at Fig. 5 of this Plate. 




layers, the spiral elements of which cross each other at various angles to form structures remarkable for their lightness and strength. 
(Compare with Figs. 6 and 7 of Plate xcvii. ; and the first eight Figs, of Plate xcviii., where dissections and models of the heart are given.) 
a, Longitudinal portions of skeleton ; A, r, oblique spiral portions ; d, transverse portions (photographed by the Author). 



CONVOLUTIONS IN HARD AND SOFT PARTS 

PLATE XLIV 
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PLATE XLV 

Plate xlv. illustrates radiating and branching in plants and animals and parts thereof. 

Fio. L— A dicotyledonous seedling with an ascending and descending axis ( Hen f rev). Shows branching above and below ground. 

Fig. 2.— The screw pine (Pandanm odtrratvmiaus) with adventitious roots supporting the trunk (Henfrey). Shows radiation and 
branching at either end of trunk. 

Fro. 3. — The mangrove tree (Rliizophora), supported as it were upon piles ; the roots raising up the trunk (J. H. Balfour). 
Shows radiation and branching in two directions. 

Fro. 4. — Venue's fly-trap (Dionsta miuripnla), a sensitive, insectivorous plant. Shows radiation and division in the leaves. 
a, Leaf fully expanded ; ft, ditto partly closed ; c, ditto closed (J. H. Balfour). 

Fio. 5. — Paramecium (after Masterman). Shows radiation and division of surface, a, Mouth ; b y anus ; e f cilia ; <1, trichocyat ; 
f t contractile vesicle; /, medulla ; </, cortex ; /i, thread of trichocyat ; t", food- vacuole ; j, micro-nucleus ; k f macro-nucleus. 

Fio. 6. — Larva of calcareous sponge at the Gastrula stage (Haeckel). Shows radiating and branching in a low form at a very early 
period of development The larva consists of an outer and inner cell layer, and forms a pouch with a mouth. 

Fio. 7. — Diagram of human ovum and placenta (after Fothergill). Shows well-marked radiating and branched arrangement, 
a, Epithelium or chorion; b, connective tissue ; r, epithelium or amnion. 

Fio. 8. — Villi of intestine of mare and sheep (after Carpenter). Show branching of villi and of the blood-vessels and lymphatics 
of villi. The branching is minute and complicated. 

A. Villi of mare, a, Epithelium ; 6, artery ; c, vein ; d> capillaries ; e, lacteals. 

B. Villus of sheep. Same lettering as in A. 

C. Vertical section through one of Peyer's patches in the lower part of the ileum of the sheep, a, «, Lacteal vessels in the villi ; 
6,6, superficial layer of the lacteal vessels ; c, e, deep layer of the lacteal vessels ; d, d, afferent lacteals provided with valves ; ?, Peyer's 
gland ; /, circular muscular layer of the wall of the intestine ; </, longitudinal muscular layer of ditto ; /*, peritoneal layer. 

PLATE XLV I 

Plate xlvi. illustrates the first appearance and mode of formation of limbs. This is a form of budding, division, 
and branching. The longitudinal division is seen in the fins and tails of fishes, the several kinds of flippers, and the 
fore-arms, legs, and digits of bipeds and quadrupeds : the transverse division is seen in the vertebral column or 
backbone. 

Fio. 1. — Lepidoriren annedens (Owen) ; Protoptenix annectem (Gunther). Show branching filamentous appendages, a, Fila- 
mentous anterior extremities or pectoral fins ; b, filamentous posterior extremities or ventral fins ; c, scapuio-coracoid bone with 
jointed cartilaginous ray of pectoral fin ; </, pelvic cartilage and jointed cartilaginous ray of ventral fin (after 6 wen and Gimther). 

Fio. 2. — Siren (Siren lacertina), Amphiuma (Amphiuma tridactylum), and Menobrauchus (Menobranvhiis lateralis!) ; revealing rudi- 
mentary limbs, and branching thereof. 

A. Siren. Shows rudimentary anterior extremities with imperfect digit*. 

B. Amphiuma. Shows rudimentary anterior and posterior extremities, each with three digits. 

C. Menobranchus. Shows more highly developed anterior and posterior extremities with four digits (after Cuvier and from 
nature). 

Fio. 3. — Development of the human embryo from the third to the seventh week. Shows division and segmentation of the body 
(visceral arches and spinal column), the growth of the head and body, and the growth and budding of the limbs. The lettering is 
the same in all the figures. 

A. Three and a half weeks embryo, a. Rudimentary vertical column terminating in a caudal process or tail ; 6, budding, un- 
formed, superior limb ; e, ditto, inferior limb; rf, branchial arches; e, rudimentary umbilical or nourishing cord ;/, head beginning 
to assume shape. 

B. Four weeks embryo. In this the spinal column (a) is a little more pronounced than at A, especially the caudal portion. The 
branchial arches (d) are also more defined, and the upper (6) and lower (r) extremities are increased in size. 

C. Four and a half weeks embryo. In this the parts are becoming more defined. 

D. Five weeks embryo. In this the parts referred to under A are altering slightly in appearance, the left su}>erior extremity (b) 
developing a rudimentary hand and five digits or fingers, the head (/) being increased in volume, and the spinal column (a) being less 
prominent from being partly covered in. 

E. Five and a half weeks embryo. The changes referred to under D are more pronounced, the posterior extremity (c) developing 
a foot. 

F. Six weeks embryo. In this the head and body have increased in size, and the segmentation of the spinal column hns dis- 
appeared from being covered in. The left superior (6) and left inferior (r) extremities have grown, und the hands and feet, fingers and 
toes, are becoming more distinct. The digits on the feet, as on the hands, are five in numWr. 

G. Seven weeks embryo. In this the head and body are growing and assuming shape, the branchial arches (d) and the spinal 
column (a) being less obvious. The left superior (b) and left inferior (r) extremities are elongated and gradually assuming shape. 
The changes begun in the embryo, it need scarcely be stated, are completed in the foetus at full term, but need not be further 
described. Drawn for the present work by 0. Berjeau. 
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PLATE XL VI I 

Plate xlvii. illustrates the longitudinal and transverse cleavages or segmentation of the body and limbs in 
vertebrates. The longitudinal, with a certain amount of transverse, cleavage is well seen in the limbs ; the trans- 
verse cleavage being marked in the vertebral column and ribs. This plate also illustrates division and radiation, 
seen more particularly in the hands and feet or their representatives, namely the fins, flippers, and swimming tails 
of fishes and sea mammals, and the diving, swimming, and flying wings of birds. It further shows that the 
extremities and other parts of the body are spirally constructed. (Compare with Plates xlv., xlvi., xlviii., and xlix.) 

Fig. 1. — Skeleton of golden eagle (Aqraila chrysaetos), Scotland. Specially drawn for the present work from specimen in the 
British Museum, by C. Berjeau. a, Shoulder joint; 6, humerus ; c, elbow joint ; rf, e, bones of fore-arm ; /, carpus and wrist joint; 
g, thumb or false wing ; A, i, j> k, /, m, n, bones of the hand more or less fused together. This part of the wing bears the primary 
or flying feathers, where division and radiation are carried to an extreme, o, Hip joint; p, femur; q, knee joint; r, bones of leg; 
«, ankle joint ; t. «, tarsus; \\ foot. It will be observed that the wings are powerful structures as compared with the legs and other 
parts of the body. This is necessary for the purposes of flight. The modifications of the hands are at once striking and remarkable. 
Compare with the hand of extinct flying reptile (Scopognathus crassirostris), Fig. 2, and the hand of man (Homo sapiens), Fig. 3 of 
this Plate. 

Fig. 2. — Skeleton of arm, fore-arm, and hand of extinct flying reptile (Scopognathus crassirostris), Nicholson and Lydeker. Shows 
longitudinal and transverse cleavage and extreme modification of the fifth digit (v.) to carrying a flying membrane, h, Humerus ; 
r, u, radius and ulna (bones of fore-arm); c, carpus or wrist joint; ii., iii., iv., v., bones of hand; the fifth digit (v.) being very 
greatly enlarged for the purposes of flight. 

Fig. 3. — Bones of human arm, fore-arm and hand. Shows longitudinal and transverse cleavage, and how all the bones are twisted 
upon themselves and form spiral structures. 

A. Entire arm. The humerus is twisted upon itself, as indicated by the darts a, b, c, d. The same is true of the radius and ulna 
(vide darts <?/, gh), and the bones of the hand. 

B. Another view of humerus, showing marked spirality. 
0. Shows spiral structure of radius. 

D. Shows spiral structure of ulna. 

The bones of the wing of the bird and even the primary feathers are twisted upon themselves to form spiral structures. The 
bones of the human leg and those of birds and quadrupeds are also spirally formed. Compare with extremities of elephant (Plate 
xx., Fig. 3). Drawn from specimens in the Author's museum, by C. Berjeau. 

Fig. 4. — Hind flipper of extinct Ichthyosaurus or fish reptile (Ichthyosaurus tenuirortris), (after Owen), with portion of skin and soft 
parts adhering. Shows longitudinal and transverse division and segmentation of a marked kind, a, 6, c. Anterior or thick margin 
of flipper ; d, e y /, posterior or thin flexible margin of flipper. The flipper is triangular in shape and graduated, and is a true 
swimming organ, it is movable in all its parts, and resembles a flying wing. The flipper is essentially a modified hand. It is seen 
in position at Plate xlviii., Fig. 3. Compare with the flippers of the extinct Plesiosaurus in same Plate, Fig. 2, and with the modified 
hand of the bird's wing and extinct flying reptile (Figs. 1 and 2 of this Plate). 

Fig. 5. — Skeleton of the dugong (Halicore dvgong), one of the fish-like, swimming mammals (after Dallas). Shows well-marked 
longitudinal and transverse cleavage of body and limbs. The flipper or swimming arm m this case consists of a scapula (a) ; an arm (b) ; 
a fore-arm (c) ; and a hand with five digits (d). The bones are all twisted, and the flipper is moved spirally so as alternately to seize 
and evade the water. 

Fig. 6. — Skeleton of common seal (Phoca vitulina), (after Cuvier). Shows longitudinal and transverse cleavage in body and 
limbs, especially in the latter. The fore limb consists of a scapula (a) ; a humerus (6); radius and ulna (c, d) ; wrist (e); and hand with 
five digits. It closely resembles that of the dugong (Fig. 5 of this Plate). The hind limb consists of femur (A), attached to pelvis (g) ; 
radius and ulna (i,j) ; ankle joint (k) ; and foot with five toes (/). The movements of the fore limbs are similar to those occurring in 
the dugong. The movements of the hind limbs resemble in all respects those made by the lower part of the body and tail of the 
fish. The hind limbs are held together and made to lash from side to side in swimming, the toes of the feet and the membrane 
supported by them being alternately spread out and contracted during the swimming movement, as happens also in the caudal fins 
of fishes. The contour of the seal, like other sea mammals, is fish-like. 

Fig. 7. — Spirifer striatus. Shows radiating and right and left-handed spiral arrangements. Compare with Plate xiv., Fig. 1, 
A, B, C, D. 

PLATE XLVIII 

Plate xlviii. illustrates longitudinal, radiating, and transverse cleavage and segmentation in the fins, tail, and 
body of the fish ; in the flippers and bodies of the extinct bird-like and fish-like reptiles (Plesiosaurus and Ichthyo- 
saurus) ; and in the arms and tentacles of modern and extinct cuttle-fishes. 

Fig. 1. — Skeleton of perch (Pcrca), (after Cuvier and Valanciennes). Shows elliptical-shaped, flattened body, with pointed backbone 
furnished with spines ana ribs, specially arranged to admit of the sinuous lateral movements necessary in swimming. In these move- 
ments the radiating, branching parte of the tail play a conspicuous part, the radiating, branching fins being engaged in a minor degree, 
a, a', Dorsal fins ; ft, pectoral fin ; c, ventral fin ; d, anal fin ; e, e\ caudal fin. The pectoral and anal fins occupy the positions of 
the anterior and posterior extremities of the seal and other sea mammals. 

Fig. 2. — Skeleton of the great extinct bird-like reptile, Plesiosaurus (Plesiosaurus dolichodeirus t Upper Triassic and Liassic), (after 
Cuvier). Shows typical longitudinal and transverse segmentation in the four flippers, and pronounced transverse segmentation in the 
long, graceful, spinal column with its spinous processes and ribs. While the spinal column in this extinct form was flexible as in the 
fish, there can De no doubt that locomotion was effected almost exclusively by the flippers, which are specially modified to act as 
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propellers. These are constructed on the principles of true wings, being triangular in shape and graduated ; the root and anterior 
margins of each flipper being thick and semi-rigid, while the tip and posterior margins are thin, flexible, and elastic. This peculiar 
structure, when the flippers were made to vibrate, would produce a rapid forward motion akin to flying, and the speed of the Plesiosaurus 
must have been as phenomenal among animals as that of the dragon-fly among insects. The flippers represent modified arms and legs, 
the fingers and toes consisting of five tapering rows of small, slightly elongated, square-shaped bones. Ai the flippers are loosely jointed 
at the shoulder and j>elvis by universal joints, and all the bones composing them are free to move, the range and variety of motion must 
have been very great. The movements, there is reason to believe, consisted of vertical vibration with a certain amount of rotation 
along the anterior margins of the flippers, accompanied by triangular twisting of the flippers, as happens in wings. The flippers some- 
what resemble those of the sea bear (Utaria julxita). Compare with Plate Hi., Fig. 1. 

Fig. 3. — Skeleton of the great old-world fish-reptile (Ichthyosaurus tenutrostris), (after Cuvier). Shows the same features as in the 
Plesiosaurus just described, with the following differences. The four flippers are shorter, broader, and less highly developed as 
propelling organs. To remedy this, the animal was provided with a powerful swimming tail, believed at one time to have had no 
caudal fin. From a specimen, however, discovered in the Lias of Wurtemburg, where the contour of the soft or fleshy parts could be 
made out, a caudal fin was present, the terminal portion of the spinal column occupying its lower lobe, while in the sharks it 
occupies the upper lobe. Professor R. Owen, with remarkable sagacity, predicted the presence of a caudal fin in the Ichthyosaurus. 
The tail of the Ichthyosaurus, there is reason to believe, was made to vibrate vertically in swimming, as in the dolphin, whale, 
dugong, manatee, &c, and not laterally as in the fish. This is almost certain from the number, position, and configuration of the ribs, 
ana the nature of the breathing, which was aerial. 

Fig. 4.— Recent and extinct cuttle-fishes (after Zittel and Mantell). Show longitudinal, radiating cleavage and transverse 
markings. 

A. Modern cuttle-fish from Pacific ocean (EnoploteiUhis leptura). a, arms ; 6, tentacles; c, mouth ; d, eyes ; e, funnel ; /, mantle. 

B. Internal shell of ditto. 

C. Fossil cuttle-fish partly restored (BeUmnotetUhis antiqua). a, arms ; 6, eyes ; c, mantle ; d t ink-bag ; e, phragmacone. 

D. Ink-bag of ditto. 

E. Fossil cuttle-fish (PUsioteuthis prisca). 

F. Shell of ditto. 

PLATE XLIX 

Plate xlix. illustrates longitudinal, radiating, and transverse cleavage and expansion in relation to the organs 
of locomotion. 

Fig. 1. — Skeleton and outline of the deer (Cervus elapkus), (after Pauder and D* Alton). Shows longitudinal and transverse cleavage 
of limbs and the small feet adapted for land transit. In this fleetest of animals the angles made by the bones of the limbs with each 
other and with the shoulder (scapula) and hip (pelvis) are comparatively acute, and afford facilities to the muscles for suddenly 
shortening and elongating the limbs in rapid progression, a, Angle made by the femur with the innominate bone (pelvis) ; b, angle 
made by the tibia and fibula with the femur ; c, angle made by the cannon bone with the tibia and fibula ; d, angle made by tne 
phalanges with the cannon bone ; e, angle formed by the humerus with the scapula ; /, angle made by the radius and ulna with the 
humerus ; g, angle made by the cannon bone with the radius and ulna ; h, angle made by the phalanges with the cannon bone. 

Fig. 2. — Thresher or fox shark (Carcharia* vulpes). Shows large pectoral and caudal fins, indicating great speed in swimming. 
The pectoral fins are true wings as regards construction ; that is, they are triangular in shape, thick and semi-rigid at the root and along 
the anterior margins, and thin and elastic at the tips and along the posterior margins. When made to vibrate in a vertical direction 
they act as powerful propellers. The huge tail, which is the principal swimming organ, is similarly constructed. Photographed for the 
Author by E. Millar. 

Fig. 3. — Feet of swan and grebe. Show longitudinal cleavage and radiation in the bones of the feet. 

A. Legs and feet of the swan (Cygnus), with the latter closed and spread out as when making the non-effective (a) and 
effective stroke (6) in swimming. The closing and opening of the feet enable the bird alternately to evade and seize the water very 
effectually. Drawn from nature for the Author by C. Berjeau. 

B. Foot of the grebe (Podiceps), (after Dallas). In this foot each toe is provided with a swimming membrane, the membrane being 
closed when the foot is flexed and making the non-effective stroke, and expanded when the foot is extended and making the 
effective stroke. 

Fig. 4. — Hind extremities or posterior flipper of the elephant seal (Macrorhimis leoninus) in the closed and expanded condition. 
(Challenger Reports, vol. xxvi.) Show cleavage and radiation of bones of feet. The flippers in swimming are alternately opened and 
closed, as also nappens in the tail of the fish when making the non-effective and effective strokes. Each flipper consists of five toes 
supporting a flexible swimming membrane. Compare witn A and B of Fig. 3 of this Plate. 

Fig. 5. — Heterocercal or unsym metrical tail of the sturgeon (Acipenser sturio\ (after Giinther). Shows division and radiation 
resulting in a beautifully-graduated swimming organ. The terminal, tapering portion of the spinal column occupies the upper lobe of 
the tail, and the tail is thick at the root and thin at the free margin (/, g, h). It is also thicker and stronger above (a, 6, c), and thinner 
and more flexible below (a\ e). It bears a considerable resemblance to a wing. In reality, caudal and other fins, flippers, and wings are 
constructed on a common type, and discharge essentially similar functions. 

Fig. 6. — Skeleton and outline of the ostrich (Struthio camelus), (after Dallas). Show longitudinal and transverse cleavage in legs, 
wings, vertebral column, and ribs. Remarkable for its large, powerful legs, small feet, and rudimentary wings — conditions necessary 
for rapid land transit What is said of the limbs of the deer (Fig. I of this Plate) applies to the ostrich, a, Angle made by the femur 
with the pelvis ; 6, angle made by the tibia and fibula with femur ; c, angle made by the tarso-metatarsal bone with the tibia and 
fibula ; d, angle made by the bones of the feet with the tarso-metatarsal bone; «,/, bones of aborted wing making nearly right angles 
with each other. 
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Fig. 7. — Skeleton and outline of man (Homo sapiens). Shows longitudinal and transverse cleavage in arms and legs ; radiating 
cleavage in the hands and feet ; and transverse cleavage in the vertebral column and ribs, a, Shoulder joint (universal) ; 6, elbow 
joint (spiral and hinge) ; r, wrist joint (universal in a way); d, hand joints (spiral and hinge); a, 6, humerus; h 9 c, radius and ulna 
plaited and showing spiral ity ; c, </, lxmes of wrist and hand ; e, hip joint (universal) ; /, knee joint (spiral and hinge) ; g y ankle 
joint (universal in a way); n, foot joints (spiral and hinge); e t /, femur; /, g, tibia and fibula ; r/, A, bones of foot. The spiral 
configuration of the bones forming the human skeleton is given at Plate xix., Figs. 3 and 4 ; Plate xx., Figs. 2 and 4 ; and Plate xxi., 
Figs. 1 and 2. The spiral configuration of the bones of the elephant is seen in Plate xx., Fig. 3. 

Fig. 8. — Dissectiou and drawing by the Author of the wings of the pheasant (Pfuisianus cokhicns). Shows extreme cleavage and 
radiation and large su]>erficial area of the wings. Compare with Figs. 1 and 2 of this Plate. The right wing is extended, and shows 
the muscles of the shoulder, the muscles and elastic structures of the wing, and the arrangement of the primary and secondary feathers 
in the wing. The left wing is Hexed, and displays the skin and elastic structures which assist in folding the wing as corrugated and 
puckered. For details of the anatomy of the wing see further on. 



PLATE L 

Plate 1. illustrates longitudinal cleavage and radiation in the travelling organs of animals (caudal and 
other fins, flippers, feet, wings, &c), and how intimately these fundamental cleavage arrangements are associated 
with locomotion in all its forms. 

Fig. 1. — Shows a series of original drawings made for the Author by C\ Berjeau in 1867 (vide Trans. Linn. Soc. vol. xxvi.). These 
drawings, taken from nature, reveal the important fact that the travelling organs of animals increase in size according as the medium 
traversed becomes more and more tenuous and affords less and less support. Thus the feet of the deer, adapted for land transit, are 
smaller than the feet of the bird, otter, frog, platypus, seal, and turtle adapted for swimming ; these, again, being smaller than the 
pseudo- wines of the flying Ash, flying lizard, and flying lemur ; the latter being, in turn, smaller than the wings of insects, birds, and 
bats adaptea for flight. The subjects are arranged with a view to comparison and to facilitate reference. 

A. Small foot of deer adapted to land transit. 

B. Webbed foot of otter slightly expanded. Adapted for land and water transit. 

C. Webbed foot of frog, considerably expanded. Adapted for land and water ; chiefly water. 

D. Webbed foot of platypus (duck mole), greatly expanded. Adapted chiefly for water. 
K. Webbed hind foot of seal, greatly expanded. Adapted mainly for water. 

F. Wings of swallow, enormously expanded. Adapted solely for aerial transit. Compare with foot of deer (A), adapted solely 
for land transit. 

G. Flippers of turtle, greatly expanded. Adapted almost exclusively for water, a, 6, Anterior thick margin ; c, posterior thin 
margin of tore flipper ; d\ e, ]>osterior thin margin of hind flipper. 

H. Tail and caudal fin of Ash, largely expanded. Adapted wholly for water transit. The fish moves its tail laterally and with a 
spiral fig ure -of -8 movement ; the vibration occurring on either side of the mesial plane (a). 

I. Tail and caudal fin of manatee (sea cow), greatly expanded as in fish. Adapted wholly for water transit. The tail moves 
vertically on either side of the mesial line (a), and makes a figure-of-8 track on the water, as happens in the fish. 

J. Portion of body and swimming wing and foot of penguin. The swimming wing is much smaller and stiffer than the flying 
wing. It twists and untwists in action and forms a beautiful screw (a, 6, c). The swimming foot (d) is webbed, and larger than the 
unwebbed terrestrial bird's foot. 

K. Flying-fish with greatly enlarged pectoral fin, which forms a pseudo-wing. It makes short flights, and connects the travelling 
organs adaptea for the water and the air. 

L. Flying lizard with flying membrane (pseudo- wings) supported by its ribs. It glides from heights over considerable distances. 

M. The bat with its wings fully extended : the increase in the size of the travelling organs (wings) is excessive. Compare with 
the foot of the deer (A), the tail of the fish (H), the flipper of the turtle (G), and the flipper of the seal (E). The bat is adapted 
exclusively for aerial transit. 

N. Flying lemur with flying membrane supported by body, extremities and tail. The flying lizard (L} and flying lemur (S) 
connect the travelling organs adapted for the lana and air. The increase in the extent of the surfaces engaged in transit is very con- 
siderable. 

Flo. 2. — The tail of the herring (Cluvea harcngus), drawn by C. Berjeau for the Author, in the closed, semi-closed, and fully 
expanded condition. Shows longitudinal cleavage and radiation. The tail is the chief swimming organ, and no better example can be 
given of the utility of cleavage and radiation for the puq>oses of progression. The tail divaricates when making the figure-of-8 move- 
ments in swimming, and so alternately seizes and lets go the water on which the progress of the fish depends. The tail is a finely- 
graduated, flexible, elastic structure. 

Fig. 3. — The tail of the mackerel (Scomber scomber), drawn by C. Berjeau for the Author, in the closed and expanded condition. 
Displays the same characteristics as the tail of the herring (Fig. 2). 

Fig. 4. — The heterocenal tail of a shark with the caudal portion of the vertebral column terminating in the upper or major lol>e. 
Shows longitudinal and radiating cleavage. The organ, as in tne fish, is finely graduated, flexible, and elastic. It tapers from the root 
in every direction. Drawn bv C. Berjeau from a specimen in the museum of the Author. 
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PLATE LI 

Plate li. illustrates longitudinal, radiating, and transverse cleavage as seen in the tail of the manatee and 
dog-fish, in the wing and body of the insect, and in the wing of the bird and bat. These cleavages and radiating 
expansions are necessary for the purposes of locomotion in the water and the air. 

Fig. 1. — Various views of the swimming tail of the manatee or sea-cow (Manatus americanus) as drawn by C. Berjeau, for Dr. 
James Murie, from a fresh specimen. The tail of the manatee is symmetrical, and more fleshy than that of the fish. In swimming it 
is made to vibrate vertically, as in the whale and other sea mammals, such as the rhytina, dugong, jwrpoise, &c. The vertical move- 
ments enable the air-breathing sea mammals readily to reach the surface, which is a necessity of their being. The arrangement 
is not accidental, and affords a proof of design. The movement differs from that of the tail of the fish, which is made to vibrate 
horizontally or laterally. 

A. The tail of young male as wen from the side and partly dissected, a, Skin ; b, vertebral column, showing transverse segmen- 
tation ; r, right lobe of tail with skin in situ; d, left lobe of tail with skin removed, showing radiating fibrous expansion of tail ; 
e y 8acro-coccygeus and infra-coccygeus muscles, divided obliquely. 

B. Lateral view of tail. Shows symmetrical nature of the organ, the lower part of the l>ody tapering to a point and terminating 
in the tail. The organ is flexible and elastic, as in the fish, and is a ]>owerful propeller. 

0. Under surface of the tail. It lacks the conical ridge seen on the upper surface (B). 

Fig. 2. — Heterocercal or non-symmetrical tail of the large, male dog-fish as drawn by the Author from specimen in his possession. 
This form of tail has an eccentric movement which differs from that of symmetrical tails. Shows longitudinal and radiating cleavage 
in caudal fin and transverse cleavage in terminal portion of vertebral column ; this occupying the superior or major lobe. The tail is 
finely graduated in all directions and a powerful propeller, the dog-fish and shark families being the greyhounds of the ocean. The 
non-symmetrical and eccentric action of the tail increases the [degree of rotation in the body in swimming, and enables these voracious 
creatures, whose mouths are situated in the ventral surface, to turn readily on their side or back when seizing their prey. This affords 
a good example of design, x. Tapering terminal ]>ortion of spinal column ; a, 6, <*, superior margin of tail ; d. e, inferior margin ; 
/, </, h y free margin. 

Fig. 3. — Right wing of male pheasant (Phasianus colchiai*), seen from above. Drawn by 0. Berjeau from a specimen in the 
Author's museum. Shows radiating cleavage to perfection. The wing, like all others, is triangular in shape, and is flexible and 
elastic. It tapers from the root towards the tip ana from the anterior (a, b, c) towards the posterior (rf, «,/) margin. It is a carefully 
graduated structure, the root being stronger than the tip and the anterior than the posterior margin. It forms the most complicated 
and perfect travelling organ known, and is a marvel of design. Each feather is a masterpiece in itself. The feathers are divided into 
three chief sets — the primary or rowing feathers, nine in number (r/), the secondary feathers (e), and the tertiaries (/). The main covering 
feathers of the wing are seen between <i, b, g. The wing of all the travelling organs is the largest as compared with the body. It has 
literally to tread the air, this affording very little support when contrasted with the water and the earth. It has, moreover, to support 
as well us propel. Viewed from every point it is one of nature's triumphs. 

Fig. 4. — Body and right wing of bat ( Vespertilw murinus), seen from al>ove. Drawn bv C. Berjeau from a specimen in the Author's 
museum. The bat is the only mammal which flies. Its wings present extraordinary modifications of the anterior extremities. They 
are outstanding examples of adaptation of means to ends, and afford a unique example of design. Shows division and radiation in the 
anterior and posterior extremities, body, and tail, which support the flying membrane. This, as in the insect (Fig. 5 of this Plate), is 
not broken up, but continuous. In the bird (Fig. 3 of this Plate) the flying membrane is composed of feathers which can be separated. 
The wing of the bat, as in the bird, is flexible, elastic, and finely graduated. It forms a perfect organ of flight, a, Anterior, thick, 
semi-rigid margin of wing ; 6, posterior, thin, highly elastic margin. 

Fig. 5. — Body, right wing, and wing case of large beetle (Goliathus micans), seen from above. Drawn by C. Berjeau from specimen 
in the Author's museum. Shows radiating and transverse division in the wing and body. The wing greatly resembles that of the 
bat in general structure, consisting as it does of a continuous membrane supported by a radiating framework of elastic materials (vanes). 
The wing is beautifully graduated, being thicker at the root and along the anterior margin, where it is jointed (a), than at the tip and 
along the posterior margin (6). It is flexible and elastic in all its parts, as in other wings. It can be folded on the back of the insect 
when not m use, and protected by the wing cover or elytron (c). 

Fig. 6. — Right wing of the albatross (Diomedea exulans\ seen from above. Drawn by the Author from a specimen in his possession. 
This forms the longest and narrowest of all wings. The wing here represented is 6 feet long by 9 inches wide. It resembles that of 
other birds if allowance be made for its greater length and narrowness, a, 6, c, Anterior margin of wing ; <£, «,/, posterior margin of 
wing. The primary or rowing feathers, nine in number, are seen at d ; the secondary feathers at e; and the tertiary feathers at /. 
While all wings are triangular in shape and carefully graduated, they are shorter or longer according to requirement. Compare the 
wing of the pheasant (Fig. 3 of this Plate) and that of' the albatross (Fig. 6 of this Plate), and both with that of the bat (Fig. 4 of this 
Plate) and tnat of the insect (Fig. 5 of this Plate). The long wings are adapted for slow movements, the short ones for quick movements. 

PLATE LII 

Plate lii. illustrates the manner in which the travelling organs, originally formed by budding and by longitudinal, 
radiating, and transverse cleavages, are modified in animals widely divergent, to meet the requirements of transit 
in water and air. All the swimming animals which live in the water conform, as a rule, to the fish shape ; the 
swimming organs, whether fins, flippers, wings or feet, being similarly constructed, and acting on a common principle. 

Fig. 1. — The sea-bear (Otaria hooker i). Drawn by C. Berjeau from life. Shows greatly modified anterior and posterior extremi- 
ties; the former being converted into flippers which greatly resemble wings, the latter being expanded like fish tails. The animal 
can fly through the water at a great speed with its flippers, or it can employ its expanded, webbed hind extremities as fish tails, and 
swim after the manner of the fish. The Author has frequently witnessed both kinds of progression. The specially modified limbs are 
plainly the outcome of design. 

Fig. 2. — The seal (Phoca fartida). Drawn by 0. Berjeau from life. The extremities are smaller and still more modified than in 
|he sea-bear. The general shape of the body, moreover, is more fish-like. In both the sea-bear and seal the anterior extremities 



LONGITUDINAL, RADIATING, AND TRANSVERSE CLEAVAGE 83 




84 DESIGN IN NATURE 

PLATE LII {continued) 

exhibit five digits, and the posterior extremities five toes, with swimming membranes between. The seal swims almost exclusively by 
means of its expanded, webbed, hind extremities or flippers, which it lashes vigorously from side to side as a fish does its tail. The hind 
flippers open and close during the effective and iion-etfective strokes, and confer on the trunk in swimming a slight degree of rotation. 
The anterior extremities or flippers are employed chiefly in balancing and turning, and in seeking the surface of the water for 
breathing purposes. 

Fig. 3. — The manatee or sea-cow (Manatus americanus). Drawn from a fresh specimen by C. Berjeau. The anterior extremities 
or flippers alone persist ; the posterior ones being replaced by a broadly expanded tail. The tail resembles that of the fish, but in 
swimming it is made to vibrate from above downwards or vertically, instead of laterally. This arrangement enables the animal 
to reach the surface of the water quickly for breathing purposes and to disappear suddenly if in danger. The anterior extremities or 
flippers assist in these movements and in turning. The manatee is more fish-like in appearance than either the seal or sea-bear. 
Design and adaptation can alone account for the shape and movements of the manatee. 

Fig. 4. — The porpoise (Phoc&na communis). Drawn from a fresh specimen by C. Berjeau. This sea mammal altogether resembles 
a fish in general appearance. The anterior flippers can no longer be recognised as arms. They are so diminished in size and so altered 
in shape as to resemble the pectoral fins of fishes. In like manner trie posterior flippers are supplanted by a delicately-outlined, 
powerful swimming tail. The porpoise is one of the best swimmers known. The tail is made to vibrate vertically, and makes 
figure-of-8 movements. The same is true of the manatee, though to a less extent In both cases the tail in swimming twists and 
untwists after the manner of a screw. The swimming adaptations observable in the sea-bear, seal, and manatee culminate in the 
porpoise. Design has produced a perfect swimming form. 

Fig. 5. — The salmon trout (Salmo trutta). Drawn from a fresh specimen by C. Berjeau. This may be taken as a typical fish. 
It bus pectoral, dorsal, ventral, and anal fins, and a finely-formed tail. The fins and tail are carefully-graauated structures, and supply 
good examples of longitudinal and radiating cleavage. The body is specially designed to diminish resistance when it is forced through 
the water, and the tail and lower third of the body combined form a powerful propeller. The stroke is delivered laterally, and tne 
movements made by the tail are figure-of-8, slightly rotatory screw movements. In the fish, the anterior and posterior extremities may 
be said to have entirely disappeared, their places being taken by the pectoral and ventral fins. The fins in fishes assist in balancing 
and turning, but, in the majority of cases, take little or no part in propulsion. 

Fig. 6 — The flying-fish (Exocatus robust us). Drawn from a recent specimen by C. Berjeau. The flying-fish forms a connecting 
link between the water and the air : it swims well, and takes considerable flights. It is very amply supplied with fins. The pectoral 
fins are as large relatively to the size and weight of the body as the wings of many insects and birds. They are true wings as regards 
shape and structure. They and the other nns furnish a striking example of longitudinal and radiating cleavage. The flying-fish 
conclusively proves that in order both to swim and fly special arrangements must be made ; what are virtually true wings must be added 
to the swimming tail. Here again design and adaptation come in. Neither the wings or tail are chance products. Similar remarks 
apply to all organs of locomotion, however fashioned and however applied. They are in every case specially designed structures. 

Fig. 7. — The little auk (Aptenodytes minor, Linn.). Drawn from living specimen by C. Berjeau. In this bird the flying wings 
are dwarfed and employed as swimming and diving organs, with or without the feet. They are triangular in shape and graduated like 
other wings, their small size and want of feathers rendering them useless for flying in the air. They are flexible and elastic, but 
stiffer than ordinary wings ; a modification necessitated by the greater density of water as compared with air. They are made to 
vibrate like other wings and twist and untwist during their action and make figure-of-8 screw movements. The flight of the bird 
under water is astonishingly rapid and graceful, as the Author can testify from careful observation. The modified wings of the little 
auk furnish another example of design. 

Fig. 8. — The triton (Triton cristatus). Drawn from the life by C. Berjeau. This curious creature is adapted for land and 
water transit, and is accordingly furnished with travelling extremities and a large, powerful, swimming tail. Similar arrangements 
obtain in the crocodile. The triton connects the land and water as the flying-fish connects the water and the air in the matter of 
transit. In both cases special modifications are required in the locomotory organs. The means and the ends are alike proofs of 
design. 

PLATE LIU 

Plate liii. illustrates the variety in shape and increase in size of the travelling organs required for land, water, 
and air transit respectively : how fishes in swimming, birds in flying, and quadrupeds and bipeds in walking, make 
double or figure-of-8 curves as explained by the Author in 1867, 1868, and 1870. 1 

Fig. 1. — Shows the extreme modifications in the travelling organs required for land, water, and air. 

A. Chillingham bull (Bos scoticus). Reveals ponderous body and the small extremities and feet adapted for land transit ; t, u, 
indicate the double curves made by the two anterior extremities, and r, *, those made by the jxwterior extremities in walking. As the 
right fore and left hind legs move together to form one step, and the left fore and right hind legs move together to form a second step, 
the double curves form a figure-of-8. 

B. The hawk's-bill turtle (Eretmochdys imbricata). Displays large modified anterior and posterior extremities, adapted for 
water transit. Both the anterior and posterior extremities, especially the former, are constructed on the wing model, being triangular 
in shape, and thick and semi-rigid at the roots and along the anterior margins, and thin and elastic at the tij>s and along the posterior 
margins. They act as wings in swimming. The travelling organs of the turtle are relatively much larger than those of the Chillingham 
bull (A). 

C. The l>at (Phyllorhina gracilis, Peters). This anomalous and quaint creature exhibits a still greater degree of modification in the 
anterior and posterior extremities to meet the exigencies of aerial transit. Here the body is dwarfed and the anterior extremities 
enormously enlarged to produce the necessary framework to support, in conjunction with the posterior extremities and tail, the widely 
expanded wings. It would be difficult to adduce more perfect examples of design than are furnished by A, B, and C, respectively. 

1 "On the Various Modes of Flight in Relation to Aeronautics" (Proc. Boy. Inst. Ot. Britain) ; " On the Mechanical Appliances by which 
Flight is Attained in the Animal Kingdom " {Trans. Linn. Soc., vol. xxvi ) ; "On the Physiology of Wings" {Trans. Rny. Soc. Edhu, vol. xxvi.). 
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Small feet suffice for support and propulsion when the surface trod, which supplies the fulcrum for the travelling organs, is unyielding. 
Larger travelling organs are required for the water, which furnishes a yielding fulcrum ; still larger travelling surfaces being required 
for the air, where the fulcrum is still more mobile and treacherous (the Author). 

Fig. 2. — Photographs of men walking at a brisk pace, seen from before and behind. Show the double figure-of-8 curves made by 
the superior and inferior extremities, and the double twisting movements which occur at the shoulders and hips in walking. The 
left arm (a) and right leg (h) advance together in curves (see darts) to make one step ; the right arm (c) and left leg (rf) advancing 
together in curves (see darts) to make a second step. The same movements are seen at Fig. 4 of this Plate, where the interrupted line 
represents the curves made by the arms in walking ; the continuous line representing those made by the legs. The twisting movements 
which occur at the shoulders and hips in walking are seen at &, Z, and m y n (see darts) ; those made by the legs and arms at/i, t, and j, g. 
In the central figures the extremities are in the act of reversing (the Author). 

Fig. 3. — The swimming of the sturgeon (Acipenser sturio), as depicted by the Author in 1867. Shows the double tigure-of-8 curves 
made by the l>ody and tail of the fish as it progresses through the water. The tail makes similar curves, a, 6, Line of progress ; 
c, caudal curve ; rf, cephalic curve. The caudal and cephalic curves are complemental and afford fulcra for each other when the 
effective strokes are made. 

Fig. 4. — Double or figure-of-8 curves made by the arms and legs in walking, as depicted by the Author in 1867. The interrupted 
line represents the curves made by the arms ; the continuous line the complemental curves made by the legs. The right leg and left 
arm advance together to make one step ; the left leg and right arm advancing together to make a second step. The legs and arms 
move diagonally, and the curves made by them cross and produce figures-of-8. The diagonal movements of the limbs necessitate 
twisting movements at the hips and shoulders. 

Fig. 5. — Blow-fly with its wings at rest and in motion, as delineated by the Author in 1867. 

A. Blow-fly at rest. 

B. Blow-fly with its body fixed and its wings in motion (captive flight). In captive flight the wings twist and untwist as they 
hurry to and fro and make double or figure-of-8 curves. The tips of the wings describe a figure-of-8 trajectory in space. In free 
flight the figure-of-8 is opened out to form first a spiral and then a waved track, as shown at Figs. 6 and 9 of this Plate. 

Fig. 6. — Spiral and waved track made by the wings of the insect in free flight. The track in question is indicated by the arrows 
marked a, 6, c, d, «,/, g, h n i y j, k f /, tii, w, o, />, q, r, *, t; the recoil obtained from the air is indicated by the same letters with a dash 
prefixed (the Author, 1867 and 1870). 

Fig. 7.— The flight of the heron (Ardea ciiicrea), from a photograph by the Author. Shows very large wings and small body, as 
in the bat (Fig 1, C, of this Plate). The wings of the heron and all other birds make figure-of-8, spiral, and waved tracks in flight, as 
shown at Figs. 6, 9, and 10 of this Plate. 

Fig. 8. — Double spiral curves made by the feet of a bird in swimming, as figured bv the Author in 1867. The arrow a, represents 
the curve made by the right foot during its back or effective stroke ; the arrow b, the curve made' at the same time by the left foot 
during its forward or non-effective stroke. The right and left legs and feet move alternately, and the feet are expanded during the 
effective strokes and closed during the non-effective strokes. The swan occasionally moves both feet together. 

Fig. 9 — Spiral and waved track made by the wing of the bird in free flight, as first explained by the Author. The spiral and 
waved track is indicated by the arrows marked a, 6, r, d, e,/, g t h y i,j, /:, /, m, w, o, p, q, r, s, t (the Author, 1867 and 1870). 

Fig. 10.— Waved track made by the wing of the bird in free flight, as figured by the Author in 1867. a, 6, Represent the line of 
flight. The letters from c to m inclusive, represent the angles made by the wing with the horizon during the down and up strokes. 
This wing flies forward as a true kite during both the down and up strokes (vide arrows). 

PLATE LIV 

Plate liv. illustrates the double, complemental, figure-of-8 curves made by the extremities of quadrupeds and 
bipeds in walking ; how similar curves are made by the wing in flying ; and how there are good grounds for believing 
that these curves are fundamental, and first make their appearance in the sinuous movements of spermatozoa, the 
serpent, and other creeping things. 

Fjg. 1.— Trotting horse drawn by the Author to show the double figure-of-8 curves made by the limbs. (, r, Double curves made 
by the right fore and left hind legs ; •»*, *, double and complementary curves made by the left fore and right hind legs. The 
double complementary curves when superposed produce an elongated figure-of-8. The double curves are caused by diagonal 
movements of the fore and hind limbs of opposite sides, and by twisting movements occurring at the shoulders and hips of the horse. 

Fig. 2. — The serpent as seen crawling, incorrectly and correctly pourtrayed (after Giinther). 

A. The serpent in this figure is wrongly represented as making sinuous vertical movements ; the body being supported at three 
points only. 

B. The serpent in this figure is rightly represented as making sinuous lateral movements; the body being more or less in contact 
with the ground in its entire length. At «, 6, the serpent is gliding forward in double, complemental, figure-of-8 reversing curves ; at 
c, d, it is stretched out and at rest. In 1867 the Autnor explained that the travelling organs and extremities in the higher animals, 
whether fins, flippers, wings, or feet, were outgrowths from the trunk and vertebral column, and derived their sinuous figure-of-8 
movements therefrom. The following were the words employed at the date in question : " That the movements of the extremities 
primarily emanate from the spine is rendered probable by the remarkable powers possessed by serpents. . . . The peculiar endow- 
ments, therefore, which accompany the possession of extremities, would seem to present themselves in an undeveloped or latent form 
in the trunk of the reptile." 

Fig. 3. — Photographs of nude female walking, as seeu l>efore and behind (after E. Muybridge). The darts are added by the Author, 
and he is responsible for the description given of this and other photographs by Muybridge employed in the work. The darts show 
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PLATE UV (continued) 

that the lower limbs plait and overlap slightly in walking : they in fact form complemental and opposite curves in each successive 
step, as shown at Plate liii., Figs. 2 and 4. A similar plaiting of the limbs occurs in the walking of the bird (Fig*. 7 and 10 of this 
Plate), and in the walking and running of quadrupeds, as for example the horse, &c. (Fig. 1 of this Plate). 

Fig. 4. — Double, complemented, figure-of-8 spirals made by the wing of the bird in extension and flexion, as drawn bv the Authoi 
in 1867. The solid line and arrows indicate the double curve made by the wing in extension; the interrupted line and arrows the 
double curve made by the wing in flexion. 

Fig. 5. — Shows the figure-of-8 movements made by the wing of the wasp in active flight, and also the angles made by the wing 
with the horizon at every part of each stroke, as figured by the Author in 1867 and 1870. In the insect the direction of the stroke is 
more horizontal than in the bird and bat. The forward and backward stroke and figure-of-8 made by the tip of the left wing is seen 
in the two upper figures at a, />, c, d, e,f (/, and at (/, /i, i 9 j, k, I. The various angles made by the left wing with the horizon at successive 
stages of the forward and backward stroke and when reversing are given in the two lower figures. The same letters in the upper and 
lower figures represent the wing in the several phases through which it passes during the forward and backward stroke. 

Fig. 6. — The cicada (C. septemdecim). Shows four typical wings. As the wings are transparent the venation and structure can be 
seen to great advantage. The two right and the two left wings, when taken together, present a triangular outline; the roots of the 
wings being thick and semi-rigid, the tips thin and elastic. The anterior margins, moreover, are thicker than the posterior ones. The 
wings taper in two directions, namely, from the roots to the tips, and from the anterior to the posterior margins. They are carefully 
graduated structures and, as such, perfect organs for aerial locomotion. Wings so constructed inevitably fly forward during both the 
down and up strokes when made to vibrate. Drawn by C. Berjeau from specimen in the Author's museum. 

Fig. 7. — Photograph of the ostrich (Strulhio camelus), as seen from behind, running. Shows how the right leg (a) and left wing 
and shoulder (b) move together to form a double diagonal curve (see darts) and one step ; and how the left leg (c) and right wing 
and shoulder (a) move together to form a second and opposite double diagonal curve (see dart) and a second step. These move- 
ments are repeated so long as the bird continues to run (the Author). 

Fig. 8. — Diagram constructed by the Author in 1867 to show that the wing of the bird, contrary to prevailing belief and pre- 
conceived notions, strikes downwards and forwards during the down stroke. Prior to 1867 the wing was supposed to strike vertically 
downwards or downwards and backwards. The Author's view has been confirmed by instantaneous photography, and is now generally 
accepted, x, Axis of body of bird ; rf, root of wing ; a, a', double forward curve made by tip and posterior margin of wing during their 
descent; /,/, similar but opj>osite curve made by root and anterior margin of wing. The two margins make double and opposite 
diagonal curves when the wing is in action. The wing, as a matter of fact, twists and untwists diagonally during the down and up 
strokes, and makes figure-of-8 movements similar to those made by the tails of fishes, the flippers of sea mammals, and the extremities 
of quadrupeds and bipeds. 

Fig. 9. — Photograph of vulture (Vultur monaehu$\ flying with the wings flexed as seen during the up stroke, and fully extended as 
seen during the down stroke and in sailing flight. During the up stroke the wings are not only flexed or folded, but all the feathers 
are separated so as to diminish to the utmost the resistance experienced from the superimposed air. During the down stroke the wing 
is fully opened out and extended, and the feathers, for the most part, tightly closea to seize and prevent the escape of the nether air. 
The right wing of the lower figure is twisted upon itself, and forms double figure-of-8 curves (the Author). 

Fig. 10. — Photograph of the adjutant (Giconia alba) walking. This quaint bird walks precisely as a man does : thus it begins its 
step by extending the toes of the right foot (1st figure, left side) ; it then folds and shortens the right leg (2nd figure) ; it then advances 
the right leg and folds the right foot (3rd figure) ; it then straightens the right foot and somewhat straightens and advances the right 
leg (4th figure) ; it then further straightens and advances the right leg and straightens and points the right foot downwards 
(5th figure) ; it then still further straightens and advances the right leg and spreads out the toes of the right foot preparatory to 
placing the right foot on the ground (6th figure). This completes one step. During the *tep the right leg and foot make a curve the 
convexity of which is directea outwards or towards the spectator (see darts). The left leg and foot perform precisely similar move- 
ments in making a second step, and make an opposite or complemental curve (the Author). 

§ io. Recapitulation. 

The points which I have endeavoured to establish by the aid of the foregoing illustrations are : — 

1. That many crystals bear a striking resemblance to plants and animals and parts thereof. 

2. That crystals in many cases present radiating, branching, segmented, and concentric arrangements also found 
in plants and animals. 

3. That crystals form frost pictures and dendrites which resemble plants and animals and also electric sparks 
and lightning flashes. 

4. That crystals in some cases form spirals which resemble the fronds, tendrils, and other parts of plants, 
and the bones, horns, teeth, and other parts of animals. 

5. That plants and animals are composed, for the most part, of the same elements and have much in common ; 
their constituent parts being, in the majority of cases, arranged in radiating, branching, and concentric lines, with 
longitudinal and transverse cleavages in a more or less marked form. 

6. That these cleavages also occur in inorganic matter, as in basaltic rock formations. 

7. That the basaltic columns form pentagonal, hexagonal, and other prisms, which find their counterparts in 
certain corals ; these again resembling the prisms found in the enamel of teeth, the fasciculi of muscles, and, as 
far as general outline is concerned, the cells of the honeycomb, epidermic cells, pigment cells, &c. 

8. That organic structures which are widely separated and which apparently have nothing in common do never* 
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theless greatly resemble each other, as witness the tooth of the labyrinthodon, brain coral, and human brain, all 
of which are curiously convoluted ; also Venus's flower-basket (Euplectella), which presents an intricate arrangement 
of interlacing spiral fibres not unlike that found in the ventricles of the heart of the bird and mammal. 

9. That crystals, plants, and animals are, for the most part, symmetrical ; the symmetry being due to the 
radiating, branching, and concentric arrangements of the atoms and molecules, which act in specific directions according 
to fixed laws. 

10. That the atoms combine to form structures with plane, curved, and spiral surfaces, and that these are 
found in great plenty in the inorganic and organic kingdoms, as witness angular crystals, dendrites, spheres of all 
kinds, twining plants, spiral shells, spiral nerves, spiral bones, spiral horns, spiral teeth, &c. 

11. That the spiral formations seen in plants and animals are accompanied in many cases by spiral movements, 
and that these movements have their analogues in nebular eddies, cyclones, spiral sand-storms, spiral water-spouts, 
whirlpools, &c. 

12. That the spiral movements in the higher animals play a prominent part in walking, swimming, and flying. 

13. That the spiral movements are fundamental, and intimately associated with the distribution of matter, 
as seen in the formation of nebular, air, and water vortices ; in the formation of cells and spiral structures in plants ; 
and in the formation of spiral horns, teeth, bones, muscles, and other parts of animals. 

13 (a). That the spiral arrangements make their appearance at the very threshold of existence in plants and 
animals. 

14. That force and growth act in the same direction, on parallel lines, and to given ends ; the inorganic and 
organic kingdoms being complemental and interacting. 

15. That no part of nature is at war with any other part ; all plants and animals coming from and returning 
to the inorganic kingdom ; and all force, physical, vital, and mental, being under divine guidance, and working 
harmoniously to produce the existing state of things. 

16. That everything, objective and subjective, points to design, law, and order, and supreme intelligence ; intel- 
ligence being always present and adapting the means to the ends. 

17. That the intelligence is, in every instance, either in the thing acting or behind it, and that nothing occurs 
by accident or chance. 

18. That there is no such thing as spontaneous generation or life de novo, and that living plants and animals 
are created things and only beget themselves, each after its kind. 

The points here indicated have now to be considered somewhat in detail. 

As explained in the opening sentences of the work, atoms and molecules for the most part display a tendency 
to dispose themselves in straight lines or in curves, the curves forming circles and spirals, especially the latter. As 
a consequence, growth and development in the organic and inorganic kingdoms proceed in one or other of the 
directions indicated. 

The straight-line formations produce bodies bounded by plane surfaces ; the curve formations producing spheres 
and spiral structures and modifications thereof. The straight-line formations are represented by crystals of every 
form and variety, crystallites, and dendrites ; the latter branching and assuming a characteristic tree shape. 
Crystals are formed by aggregations of atoms and molecules ; the additions, as a rule, being made in straight lines, 
and giving rise to plane surfaces, which, in many cases, result in the most exquisite symmetric forms. Very 
frequently they occasion radiating or stellate arrangements. 

The curve formations, as stated, are represented by spheres and modifications of spheres, where the atoms 
and molecules combine to form bodies having concentric arrangements ; the additions being made in successive 
curved layers. Beautiful examples of straight-line formations are seen in the crystals of snow, and of associated 
straight-line and curve formations in the crystals and conglomerations of hail. 

The spiral formations of the physical universe are seen in spiral nebular arrangements, in whirlwinds and spiral 
sand-storms, in whirlpools and spiral water-spouts, &c. In all these cases, the atoms, molecules, and bodies concerned 
are arranged spirally. The straight-line, curved, circular, and spiral formations obtain also in plants and animals. 
The globular, rod-like, and spiral structures are seen in the very beginnings of life, in the reproductive elements 
of plants and animals, and in the very lowest living forms, for example, cocci, bacilli, and spirilla, measuring from 
the jffVff t° the ^jVt of an inch in diameter. Examples of the straight-line arrangements are met with in the 
stems, roots, branches, and other parts of plants. Examples of curve formations are to be seen in the concentric 
arrangements (rings of growth) in the stems of plants and trees ; and examples of spiral arrangements occur in 
the twisted stems of climbing plants, tendrils, &c. Twisted stems are not uncommon also in forest trees. Trees 
and plants split up and branch after the manner of dendrites. They thus combine, in their structure, the straight- 
line and curve formations to which reference has been made, 
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matter can be added in straight lines and in spirals to any amount, and movement in either direction has practically 
no limit. Those peculiarities of straight-line and spiral formations and movements are of the utmost consequence 
in growth and progression, especially in the locomotion of animals. 



MATTER DIVISIBLE INTO SOLIDS, LIQUIDS, AND GASES— DISTRIBUTION OF 

MATTER— ORDER OF CREATION, &c. 

The straight-line formations are crystalline and dendritic in character, that is, they form structures bounded 
by straight lines and plane surfaces, as in crystals ; the dendrites of minerals and metals ; the frost pictures seen 
on window-panes and pavements in winter ; the lightning flash, &c. 

Straight-line formations are also witnessed in the arborescent arrangements of the roots, branches, leaves, and 
other parts of plants, and in the branching of nerve cells, blood-vessels, lymphatics, bronchial tubes, and other parts 
of animals. 

The spiral formations and movements everywhere abound in the vegetable and animal kingdoms ; in spiral 
growth and development ; in the spiral cells, hairs, and vessels of plants ; in the spiral stems and tendrils of 
climbing plants ; in the revolving movements of plants ; in the spiral distribution of branches, leaves, fruits, &c. ; 
in the spiral configuration of shells, horns, and teeth ; in the spiral structure and distribution of the bones and 
joints of the vertebrate skeleton ; in the spiral formation and movements of the soft parts, especially of the voluntary 
and involuntary muscles, as seen in the limbs, the ventricles of the heart, stomach, bladder, uterus, &c. 

In suggesting possible explanations of the distribution and movements of atoms and molecules in living plants 
and animals, I recognise most fully the existence of a great First Cause, as regards the creation, disposal, and super- 
vision of matter, both in the organic and inorganic kingdoms. 

The First Cause may operate in two different ways : (a) In creating matter (inorganic or organic) and in giving 
it a certain role to perform as apart from supervision, (b) In creating matter, and in supervising every change wliich 
occurs in it. 

In the former case, creation is as it were a completed work ; everything infallibly working out its own destiny, 
according to law and order. In the latter case, creation is only in part completed — in other words, is progressive, 
and requires constant supervision and guidance. The first view is that adopted by many evolutionists ; the 
second, that favoured by those who believe in separate creations. 

Nothing short of a First Cause can, it appears to me, explain many of the phenomena with which biologists and 
physiologists have to deal. 

The order of creation is briefly as follows : The physical universe was first formed, then plants, then animals. 
Plants and animals could not exist as apart from the physical universe. The materials and forces of the physical 
universe not only enter into the composition of plants and animals, they also provide them with food. " Brut " 
matter forms the food of plants ; and plants, for the most part, that of animals. The Carnivora feed upon animals, 
and the Omnivora upon animals and plants. The physical universe is, in a sense, the great primeval parent, and 
provides a beautiful table and a home, as well as a grave, for plants and animals. 

All living things come from the physical universe and return to it. The subtle element of life borrows from the 
physical universe, for a longer or shorter period, the materials which it converts into plants and animals ; but 
sooner or later it returns them, in their original or in a modified form, and in undiminished quantity. 

The restoration or day of reckoning occurs at death ; and I can conceive no more striking picture, no more 
convincing illustration of the tremendous gulf between living and dead matter, than is furnished by living and dead 
plants and animals respectively. 

The stillness of death, as contrasted with the ceaseless activities of life, produces a profound impression on even 
the most careless and thoughtless observer. The living and dead thing are as the poles asunder. Dead once, dead 
always. No power on earth can resuscitate a dead plant or a dead animal. Similarly, only a living thing can 
beget a living thing. No fortuitous assemblage of dead particles can, under any possible circumstances, assume life 
de novo. Spontaneous generation, even more than the philosopher's stone, is the illusory figment of the imagination. 
There is no proof that plants and animals were ever produced otherwise than they are to-day. 
I am not called upon here to discuss the popular modern theory of evolution. That is more conveniently 
done further on. It is enough for my present purpose to be able to state that plants and animals, in endless 
succession, have come down from the earliest pre-historic times, and are, so far as we can make out, very little 
changed at the present time. Man himself has undergone no radical modification for 6000 years at least, and 
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some anthropologists and geologists refer his appearance on the earth to an inconceivably early period — a period 
which the mind has difficulty in grasping. 

That modifications have taken place in the organic and inorganic kingdoms, in the fulness of time, no one will 
doubt; but the grand fact remains, that living plants and animals are the direct products of ancestors, that is, of 
living plants and living animals ; and that the offspring, in every instance, resemble their parents and prototypes. 

No one has ever seen the birth of a new plant or animal, and it goes without saying that if thousands of years 
are required to manufacture a new genus, and, it may be, even a new species, the proofs of the said manufacture 
are necessarily absent. The subject is straightway removed from the category of things about which the human 
mind can reason. The matter logically becomes a petitio jmncipii. Endless modifications through endless time 
are required and claimed for evolution, but these conditions, as indicated, remove it from human experience, and, 
to a luge extent, even from human history. 

The modifications in the organic and inorganic kingdoms are no doubt very slow, gentle, and minute, but they 
are not such as to break down the great and well-defined boundaries between the several orders of plants and the 
several orders of animals. Cultivated plants and animals, if left to themselves, revert to their original types, and 
the progeny of allied animals, crossed in breeding, become, as a rule, barren. 

The modifications in question, moreover, occur simultaneously in the inorganic and organic kingdoms, so that 
there is no dislocation of the great scheme of the universe, whereby, as I have endeavoured to show, the inorganic 
kingdom becomes at once the foster-parent, the storehouse, and the grave of everything that lives — plant and 
animal alike. 

{11. Atoms and Molecules Fundamental in the Inorganic and Organic Kingdoms. 

The atoms and molecules of the physical universe have always been, and still are, the atoms and molecules 
from which plants and animals are built up, with the addition of that far-reaching and mysterious factor called 
life. The atoms and molecules aggregate and are marshalled by life into the symmetric and asymmetric forms 
(plant and animal) with which all biologists and physiologists are familiar. The atoms and molecules, as already 
explained, arrange themselves in straight lines and in spirals, and combine to form tissues bounded by straight 
lines and plane surfaces, or by curves and spirals. The straight-line and spiral formations are met with in the 
amplest plants and animals, as well as in the most complex. They are seen even in the spores, seeds, and eggs. 
Rod-like structures are not uncommon in the beginnings of life, and spiral seeds and ova are of frequent occurrence 
in plants and animals. The carpogonia of Chara helicteris, and the spermatozoa of the cray-fish (Astacus fluviatUis), 
provide the necessary illustration. The egg-purses of sharks and dog-fishes also reveal beautiful spirals. The rod-like 
and spiral formations are not chance structures. They are the results of reproduction, growth, and development, 
and have been going on throughout the ages. No one can, of course, say why the atoms and molecules arrange 
themselves in the manner indicated. We must accept the arrangements as we find them in both the inorganic and 
organic kingdoms. The arrangements are to be regarded as ultimate facts in physics, biology, and physiology. 
There is no getting behind or beyond them. It is not possible even to imagine that the endless examples of 
crystals, dendrites, and spiral formations and movements which we behold in the universe, and in plants and animals, 
are the result of accident. 

The fact that crystals, dendrites, spirals, &c., are formed in unvarying sequence, and that plants and animals 
reproduce themselves, and have done so for countless ages, shows that they are, and have always been, under law 
and order. That they will so continue, while the present order of things lasts, can scarcely be doubted. 

There is no need to assume that the plants and animals of the present day materially or fundamentally differ 
horn the plants and animals of pre-historic times. That species, and even races of plants and animals, may have 
died out, and new forms come into existence, does not destroy the argument that the atoms and molecules forming 
the plants and animals of the present day act in precisely the same directions as they have always done. 
Neither does it disturb the relations which exist as between the inorganic and organic atoms and molecules as a 
whole. The mere form or external configuration of plants and animals does not destroy the fundamental relations 
which are known to exist as between the inorganic and organic kingdoms. Great physical upheavals have, no 
doubt, occasionally dislocated, for the time being, those fundamental relations, but out of the wreck, so to speak, 
new races of plants and animals have arisen to supplement those which have perished ; and the new races, like 
the old ones, have been linked to the physical universe by atomic and molecular action quite as closely as the 
primeval plants and animals were linked to a pre-existing state of things. 

The relations between the inorganic and organic kingdoms are now, and always have been, of the most intimate 
description ; a state of matters which compels us, when speaking of the origin, distribution, and lives of plants 
and animals, to consider the universe as wc find it. 
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§ 12. The Effect of Environment Limited. 

The question of environment is in all cases an important one, but it must never be forgotten that environment, 
while it slightly modifies plants and animals, never alters their constitution ; it never makes a plant or an animal 
other than what it is by original endowment. 

The life, and not the environment, makes plants and animals what they are. Environment never produces 
a new organ in any organism ; neither can environment, as apart from life, goad plants and animals into activity. 

Plants and animals, once created and endowed with life, work out their own destinies on the lines laid down 
for them. They defend themselves against environment when that is inimical, but the initiative, in every 
instance, comes from themselves. Environment is a dead thing. Plants and animals are living things, and are 
therefore superior to environment. It is a mistake to exalt environment over life, as is very frequently done. This 
necessitates the assumption and aid of a set of artificial conditions which, I venture to assert, do not exist. It 
requires us to take for granted that all the tissues of plants and animals, and plants and animals themselves, are 
irritable, and that they can only act in response to outside stimulation. This view robs life of its characteristic 
power, namely, the power of independent initiative. 

§ 13 The Organic and Inorganic Kingdoms Reciprocate. 

In order fully to explain some of the more tangible, outstanding, and salient features which obtain between the 
inorganic and organic kingdoms, and which they have in common, it is necessary to refer very briefly to the sun, 
solar heat, light, the atmosphere, soil, moisture, winds, &c, in their relations to growth, development, and organic 
movement. 

The sun is the great giver of heat and light, and on its presence the life of plants and animals practically 
depends. 1 The sun, as far as our planet is concerned, is fixed, but as the earth rotates upon its axis every 24 hours, 
and revolves round the sun every 365 days, it follows that the alternations of day and night, and the seasons — 
spring, summer, autumn, and winter — so indispensable to the health and well-being of plants and animals — are 
infallibly secured. The sun is directly connected with the production of winds, as these largely depend on changes 
of temperature in certain localities, on the rarefaction and condensation of the air, irregular atmospheric pressure, 
vacua or partial vacua, the presence or absence of moisture, &c. 

Winds are useful in carrying and diffusing heat and moisture, and in purifying the air which plants and animals 
breathe. The organic and inorganic kingdoms are mutually interdependent. 

The organic substances are, so to speak, manufactured from the inorganic by plants and animals. A plant to 
live must be supplied with soil, with water, and air. The soil contains saline matters, to which are generally added 
decomposing substances, which furnish carbonic acid and ammonia. The water furnishes oxygen and hydrogen 
in chemical combination ; and the air oxygen and nitrogen, and small but important quantities of carbonic acid 
and ammonia. The plant is thus supplied with water, salts, carbonic acid, and ammonia. But the plant can 
disintegrate the carbomc acid, and appropriate its carbon, which it can subsequently build up with oxygen and 
hydrogen into sugar, oil, and starch ; or it can combine carbon, hydrogen, oxygen, and nitrogen to form those 
peculiar nitrogenous substances recently known as protoplasm. The sun lends its aid to the plant in these trans- 
formations ; in fact, the heat of the sun enables the plant to separate the oxygen from the carbon and the nitrogen 
from the hydrogen in the formation of sugar, oil, and starch. The heat of the sun is, marvellous to relate, not 
lost in the process. It is stored up in the newly-formed sugar, oil, and starch ; and may be reconverted into heat 
either by burning in the animal body or in an open fire. The heat thus obtained can, when collected, be made to 
perform a definite amount of mechanical work. The physical and vital forces are correlated and interact. Sugar, 
oil, and starch are manufactured by a vital chemistry, and, when once produced, are appropriated, with other 
substances, as food by the Herbivora, and subsequently by the Carnivora and Omnivora. By vital, chemical, physical, 
and other forces the inorganic material of the outer world is incorporated in the organic or inner world of plants 
and animals. 

The animal, built up, as it were, indirectly from the inorganic and directly from the organic kingdoms by means 
of the plant, reverses the operations of the latter. It returns to the inorganic world the substances abstracted from 
it by the plant. Thus the animal takes the complex bodies produced by the plant, and oxidises or burns them. It 
restores the carbon of these bodies to the atmosphere chiefly in the form of carbonic acid, the hydrogen as water, 
and the nitrogen, with the remainder of the carbon, as urea, to the soil. 

While these transformations are going on in the animal body, the tissues are being built up and conserved. 

1 " The life of men, animals, and plants could not continue if the sun had lost its high temjierature, and with it its light " (Popular scientific 
lectures by Helmholtz, 1873.) 
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secretions formed, and work done. This work may be either mechanical or mental, or both. The animate and inani- 
mate kingdoms plainly interact. The plant lays the inorganic world under contribution, and the animal lays the 
vegetable world under contribution ; but the animal in due time restores to the inorganic or mineral kingdom, 
in undiminished quantity, the substances abstracted from it by the plant. In like manner, the energy displayed 
by the animal is to be regarded as the sum of the potential energy stored up in chemical compounds ; and this in 
tarn is restored to the outer world as heat, which, like the matter, is undiminished in quantity. There is, therefore, 
a cycle of force and a cycle of matter in living beings. " Animals, like machines, can only move and accomplish 
work by being continuously supplied with fuel (that is to say, food) and air containing oxygen ; both give off, 
again, this material in a burnt state, and at the same time produce heat and work. All investigation, thus far, 
respecting the amount of heat which an animal produces when at rest is in no way at variance with the assumption 
that this heat exactly corresponds to the equivalent, expressed as work, of the forces of chemical affinity then in 
action. As regards the work done by plants, a source of power in every way sufficient exists in the solar rays which 
they require for the increase of the organic matter of their structures . . . : a certain portion of force disappears 
from the sunlight, while combustible substances are generated and accumulated in plants, and we can assume it 
as very probable that the former is the cause of the latter. . . . The immense wealth of ever-changing meteoro- 
logical, climatic, geological, and organic processes of our earth are almost wholly preserved in action by the light 
and heat-giving rays of the sun. ... In the series of natural processes there is no circuit to be found by which 
mechanical force can be gained without a corresponding consumption." l 

5 14. Conservation of Energy. 

It is necessary to say a word here regarding the great physical law of the conservation of energy. This law 
resolves itself into three parts, namely, the conservation of energy, the transformation of energy, and the dissipation 
of energy. We have examples of the conservation of energy in physiology wherever we have mechanical or physical 
adaptations which produce a maximum of work with a minimum of power. We have examples of the transfor- 
mation of energy in the muscles moving the bones, or the heart the blood ; and we have examples of the dissipation 
of energy in the friction accompanying the movements of both bones and blood. In all the vital, physical, and 
chemical actions and reactions the law plays a prominent part. 

The interaction of the physical, chemical, and vital forces is thus expressed by Professor Helmholtz : " If a 
certain quantity of mechanical work is lost, there is obtained an equivalent quantity of heat, or, instead of this, 
of chemical force ; and, conversely, when heat is lost, we gain an equivalent quantity of chemical or mechanical 
force ; and again, when chemical force disappears, an equivalent of heat or work ; so that in all these interchanges 
between various inorganic forces, working force may indeed disappear in one form, but then it reappears in exactly 
equivalent quantity in some other form. . . . The universe possesses, once for all, a store of force which is not 
altered by any change of phenomena, can neither be increased nor diminished, and which maintains any change which 
takes place on it. . . . The force of falling water can only flow down from the hills when rain and snow bring 
it to them. To furnish these we must have aqueous vapour in the atmosphere, which can only be effected by the 
aid of heat, and this heat comes from the sun. The steam-engine needs the fuel which the vegetable life yields, 
whether it be the still life of the surrounding vegetation, or the extinct life which has produced the immense coal- 
deposits in the depths of the earth. The forces of man and animals must be restored by nourishment ; all nourish- 
ment comes ultimately from the vegetable kingdom, and leads us back to the same source. . . . We ate thrown 
back upon the meteorological processes in the earth's atmosphere, on the life of plants in general, and on the sun." 2 
It would .appear from this that living force can generate the same amount of work as that expended in its 
production. 

f 15. Protoplasm : its Nature and Function. 

The link which binds the organic to the inorganic, and the living to the non-living, is protoplasm in one form 
or other. This mysterious life-stuff apparently provides the bridge which connects the inorganic and organic 
kingdoms. The approaches to this bridge are numerous, but, unfortunately, not altogether satisfactory or safe. 
Professor Haeckel says : " The homogeneous, viscid, plasma substance which singly and alone formed the bodies 
of the first organisms, and even at this day quite alone forms them in the case of the monera, or simplest amoebic 
forms, is analogous to the tenacious and viscid planetary substance which contains the elements and substance of 
the young earth, as well as of the other glowing world bodies." Mr. Herbert Spencer, who was one of the advanced 

1 Op. cit. * Oju cit. 
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leaders of modern science, averred " that the chasm between the inorganic and organic is being filled up, and that 
organisms are highly differentiated portions of the matter forming the earth's crust and its gaseous envelope." In 
like manner, Professor Huxley, also in the vanguard of science, stated " that protoplasm can originate only in that 
into which it dies — the elements — the carbon, hydrogen, oxygen, and nitrogen of which it is found to consist. 
Hydrogen, with oxygen, forms water ; carbon, with oxygen, carbonic acid ; and hydrogen, with nitrogen, ammonia. 
Similarly water, carbonic acid, and ammonia form, in union, protoplasm. . . . Protoplasm, then, is but an aggregate 
of physical materials, exhibiting in combination — only as was to be expected — new properties. ... All vital action 
whatever, intellectual included, is but the result of the molecular forces of the protoplasm which displays it." l 
Protoplasm, according to Huxley, is the formal basis of life. " It is the clay of the potter, which, bake and paint 
it as he will, remains clay, separated by artifice, and not by nature, from the commonest brick or sun-dried clod. 
Thus it becomes clear that all living powers are cognate, and that all living forms are fundamentally of one 
character." Huxley regards protoplasm as identical in composition and uniformly diffused in plants and animals ; 
that is, not contained in cells. In this he differs from the majority of German histologists, who still regard the 
cell as the precursor and parent of protoplasm. With them " there is as yet no matter of life ; there are still cells 
of life." Huxley claims for protoplasm a threefold unity — a unity of faculty, a unity of form, and a unity of 
substance. Each of these positions has been disputed, and properly ; for how, say Huxley's opponents, can there 
be unity of substance if the elements, carbon, oxygen, hydrogen, and nitrogen, which constitute the protoplasm, are 
combined in varying quantity in different kinds of protoplasm ? If there is not unity of substance there cannot 
be unity of form, and if there is neither unity of substance nor of form there cannot possibly be unity of function. 
The unity of substance of protoplasm depends for its proof mainly upon ultimate chemical analysis. Ultimate 
chemical analysis, however, teaches next to nothing in such cases. " Ozone is not antozone, nor is oxygen either, 
though in chemical constitution all are alike." Further, some protoplasm, in addition to carbon, oxygen, hydrogen, 
and nitrogen, contains a certain proportion of sulphur ; and the Germans have shown that the cells which produce 
protoplasm contain in some cases glycogen, in others cholesterine, in others protagon, and in others myosin. 
According to Professor Strieker protoplasm varies almost indefinitely in consistence, in shape, in structure, and in 
function. In some cases it is fluid, in others semi-fluid, in others firm and resisting. Occasionally it is club-shaped, 
bottle-shaped, spindle-shaped, branched, prismatic, polyhedral, &c. One kind produces fat, another pepsine, 
another pigment. There is a protoplasm for each of the tissues — nerve, brain, bone, muscle, &c. There is, further, 
a protoplasm for the several kinds of plants and animals, each producing its own kind. 

Analogous in many respects to the protoplasm of Huxley is the bioplasm of Professor Lionel S. Beale. This, 
as its name implies, is also an elementary life-stuff. It is undifferentiated, and in this respect is identical with 
Huxley's protoplasm. Beale and Huxley differ as to the mode of production of their elementary life-stuffs. Beale 
affirms that they are the product of the vital forces per se ; Huxley of the physical ones. Beale attributes all 
organisation to life, as apart from chemical, physical, and other forces. According to him, the bioplasm or 
germinal matter is the same always and everywhere, and consists of small masses of a structureless, colourless, 
and transparent viscid substance. Beale claims for his bioplasm or life-matter similar properties to that claimed 
by Huxley for his protoplasm. To both the same objections apply. Beale grounds the homogeneity and identity 
of his bioplasm on microscopical research, and Huxley, as explained, upon ultimate chemical analysis. Neither, 
however, is trustworthy. Experience teaches us that the microscope is limited in its powers, and that chemical 
analysis, instead of simply disintegrating and breaking up a body into its ultimate elements, not unfrequently 
produces new combinations, and consequently new substances. On carefully considering this matter, I am still 
of the opinion which I expressed in 1873, that both Huxley and Beale are in error, and that protoplasm is 
not the product of either the physical or the vital forces per se, but of both combined. Beale thus . expresses 
himself : " Force (that is, physical force) is actually opposed to construction ; and before anything is built up 
the tendencies of force must be overcome by formative agency or power. . . . The vital power transcends altogether 
physical forces ; for it controls, guides, directs, arranges ; while the latter are controlled, are guided, are directed, 4c." 2 
In proof of the foregoing, Beale states that a tree grows against gravitation. This is quite true ; but it is equally 
true that in such cases the physical forces of capillarity, osmosis, chemical affinity, &c, as I endeavoured to show 
in my " Lectures on the Physiology of the Circulation in Plants, in the Lower Animals, and in Man " {Edin. Med. 
Journ., 1872), are largely employed. The vital forces may override or bridle certain physical forces while they 
act in conjunction with others. In like manner nature may override or bridle one or more of the physical forces 
by employing stronger physical ones ; but the physical forces subdued or inoperative for the time being are not 
on this account destroyed. They are ready for use when thfc proper time arrives. Capillarity and osmosis (purely 



1 Huxlev, as epitomised hv .J. Hutchison Stirling, LL.D., to w 
1 "Life'Theones and Religious Thought," 1871, pp. 6 and 78. 
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physical forces) in certain cases overcome gravitation equally with the vital forces, but it does not follow from this 
that gravitation as a power is extinguished. When gravitation (and this remark applies to all the physical forces) 
is useful in building up the organism, it is employed by nature in conjunction with the vital forces ; and when 
capillarity, osmosis, &c., are more convenient, they are preferred. The vital and physical forces must be regarded 
in their totality, nor must the object in view be lost sight of. Natural laws and forces (vital, chemical, and 
physical) act and react upon each other ; and though at times some are inoperative, they are not annihilated, neither 
are they opposed when the final effect to be produced is taken into account. Organised structures are built up in 
accordance with natural laws. Thus, their parts and particles consist of substances which naturally have a 
chemical affinity for each other ; those substances absorb and respire — that is, take in and give off fluids ; they 
exhibit, for the most part, capillary spaces and interspaces in their interior ; they have weight, porosity, elasticity, 
and various other purely physical properties. In this way chemical affinity, osmosis, capillarity, gravitation, &c, 
have free play, and each in turn assists not only in forming and maintaining the body, but also in disintegrating 
it. The vital forces, if I may be allowed the expression, use and abuse the physical ones. They do not, they 
cannot, annihilate them. As well may we say the vital forces annihilate matter. 

THE REPRODUCTIVE ELEMENTS OF PLANTS AND ANIMALS ESSENTIALLY AND 

FUNDAMENTALLY DIFFER FROM THE BEGINNING 

Whatever may be said regarding the ultimate composition of protoplasm, the grand fact remains, that the 
germs and seeds of plants and the eggs of animals, apparently homogeneous and identical, invariably produce not 
only their own kind, but, during the process of development, substances which are altogether dissimilar. Even man, 
with his wealth of imagination and thought, is the product of an egg, which to the eye of the microscopist and 
chemist is, as to its several parts, homogeneous and identical. Yet this egg, with its several parts placed in exactly 
the same conditions, produces the tender pulp of the brain, the flaccid muscles, the tough tendons, the elastic carti- 
lages, the hard bones, the still harder teeth, the enamel, a substance nearly as brittle as glass, and in due time the 
several secretions, the major portion of which is composed of water. To these are to be added the external skin, 
with its hair, nails, &c. ; the internal skin or mucous membrane, with its numerous glands ; the secreting and 
excreting organs ; the nerves ; the lymphatics ; and the blood-vessels, with their contained blood, so rich, so 
complex, so marvellous in composition. These various products, so diverse in form, composition, and function, 
are, we know, the product of an egg. Shall we be told, or, if told, shall we believe, that this egg is homogeneous 
and identical in all its parts and particles ? Identical these parts may be to the eye of sense, but to the eye of 
reason they are not so. Matter similarly constituted, similarly disposed, and similarly conditioned — that is, placed 
under precisely similar circumstances — behaves in precisely the same manner ; in other words, all the parts are 
influenced alike. If life had to operate on absolutely identical matter, the living mass would be simply homogeneous — 
that is, undifferentiated ; and if undifferentiated, it would have no power to build up either a plant or an animal. 
It is impossible to produce muscle, bone, brain, &c, from matter identical in ultimate composition. In the germ, 
the seed, the egg, even from the first, there is differentiation, actual or potential. 1 The first embryonic changes 
are the result of this differentiation. It is this which enables the different parts of the embryo to attract and 
assimilate different substances and to build up different tissues. One embryonic change involves another, and 
gradually the individual is developed, each according to its kind. The weaver may not produce a web dissimilar in 
texture and pattern in the absence of dissimilar elements. He must be supplied with the warp, the woof, and the 
varied pigment. A queen-bee may be formed from an ordinary bee grub by changing the quantity and quality 
of its food, but no amount of change of diet can produce from the same grub a dragon-fly or a locust. 

In making these statements regarding the non-identity of protoplasm, bioplasm, and the several parts of 

1 Mr. Herbert Spencer, in his " Principles of Biology," expressed the belief that in reproduction the cell must l>e regarded as the morpho- 
logical unit, but that in addition there must be a chemical unit consisting of the simplest combination of molecules camble of displaying life. 
Others, who regarded the nucleus as the most important part of the cell, discovered that by the employment of suitable dyes one ]X)rtion of the 
nucleus could be distinguished from all the other jwrts. This they designated the rhromatin. The chromatin, it was found, could l>e broken up into 
a number of rod-like bodies, which were designated chnmwsomes. The chromosomes, when stained, were found in turn to Ik? coni]>ound and 
diyiaible into microsomes. This much could l>e demonstrated by the aid of the mirrosco]** with stained nuclei : when its powers failed, Professor 
Weismann, by a process of reasoning, inferred that each of the microsomes consisted of a number of still smaller bodies, which lie called determinants. 
The determinants Weismann regarded as the structures forming the germ-plasm which decided the nature and character of the adult organism. 
Weismann went further, and assumed that not even the determinants constituted the ultimate living elements. The determinants, he believed, 
were further resolvable into biojthores. Weismann, who has done much to expiscate this most involved and difficult subject, was by no means the 
first to deal with it in a more or less exhaustive manner. It has been a veritable bone of contention for over thirty years — each author employing 
his own nomenclature. 

From the foregoing it will t>e seen that the reproductive cell is by no means a simple structure, and that it is seen to Ite more complex in 
proportion as our opportunities of investigating it increase. 

VOL. I. N 



98 DESIGN IN NATURE 

the germ, seed, or egg, I do not mean to affirm that all the tissues enumerated are contained in the original germ, 
seed, or egg. Only this : that the original germ, seed, or egg is differentiated sufficiently to inaugurate the first 
series of changes, and that these inaugurate others in constant and rapid succession, until the plant or animal is 
completed. The first series of changes provides the materials and forces for the second, the second for the third, 
and so on, according to the degree of differentiation required in each particular organism. It is initial force 
and matter that are primarily required. Granted these, development in specific directions proceeds as a 
matter of course. 1 

§ 16. Neither Chemistry nor Physics can Produce Life. 

Chemistry and physics are not the whole of physiology. These sciences can conjure up an automaton, but 
are absolutely powerless when an ovum is desired. Dumas, a leading authority in modern chemistry, thus limits 
its province : " The chemist has never manufactured anything which, near or distant, was susceptible even of the 
appearance of life. Everything he has made in his laboratory belongs to ' brut ' matter ; as soon as he approaches 
life and organisation, he is powerless. . . . Organised matter, not capable of being crystallised, but destructible by 
heat, the only matter which lives or has ever lived — this matter, a subordinating agent of the vegetating power in 
plants, of the motion and sensation of animals, cannot be produced by chemistry ; heat does not give birth to it ; 
light continues to engender it under the influence of living bodies." a 

The pretensions of the physicist may be disposed of even more cavalierly. 

No machine hitherto devised by human ingenuity at all resembles or can compare in efficiency with a living 
organism, when the consumption of material and the amount of work done are taken as the standard of comparison. 
A man is as far in advance of a steam-engine in this respect as day and light are of night and darkness. 8 If, then, 
neither the chemist nor physicist, nor both combined, can produce a living organism or anything even remotely 
resembling it, we are forced to fall back upon other than the chemical and physical forces, and the only ones we can 
under the circumstances fall back upon are the vital. 

INORGANIC AND ORGANIC RHYTHMS 

The scheme of creation hangs together in a most extraordinary manner. The phenomena of day and night, 
and of the seasons, which exert such a beneficial influence on plants and animals, are directly due to cosmic move- 
ments now well understood. They are of the give-and-take order. They ensure periods of activity and repose, 
or, more strictly speaking, periods of comparative activity and comparative repose, to plants and animala ; this 
alternating activity and repose being essential to their health and well-being. Day and night and the seasons 
come and go at regular and calculable intervals. Day and night give and take light. The seasons give and take 
heat, moisture, Ac. Day and night and the seasons provide, for plants and animals, what is virtually a series of 
rhythmic movements. These movements are of primary importance in the organic kingdom, as they regulate, 
within limits, the time of feeding, building up, assimilating, secreting, excreting, &c, and the resting and hiber- 
nating of plants and animals. 

The give-and-take, rhythmic movements of the physical universe assume a great variety of forms. They appear 
in the alternations of day and night and the seasons. They are seen in the rise and fall of the tides, in cycles of 
drought and moisture, in wave movements of all kinds, such as those of light, heat, sound, &c. ; but — and this 
is the marvel — they reappear in the rhythmic movements of plants and animals ; for example, in the spontaneous 
to-and-fro movements of certain leaves ; the time-regulated opening and closing of the vacuoles of various water 
plants ; contracting vesicles of all kinds ; and the respiratory and circulatory movements in animals, as witness 
the opening and closing movements of the chest, heart, stomach, bladder, uterus, Ac. 

The physical universe, under the influence of a First Cause and of life, inaugurates the beginnings and the 
building up of plants and animals ; it also, under the same influences, takes the initiative in everything that 
pertains to their daily economy. Plants and animals are to be fed and rested ; give-and-take movements cm the 
part of the physical universe are consequently an absolute necessity. Plants breathe. During the day they take 
carbonic acid from the air and give oxygen to it. Animals also breathe. They take oxygen from and retain 
carbonic acid to the air. Plants and animal* in the matter of respiration reciprocate ; the one supplying what 

1 These riews were tirst enunciated by me in an Introductory Lecture " On the Relation of Plants and Animals to Inorganic Matter, and 
o* the Interaction of the Vital ami Physical Forces." published in the Lamctt of November 15. 1S73. 

* Faradav Lecture. 

* Count kumfont K»ujc ago showed how a much greater quantity ^( work could l»e rierfonned by a hone than could 1* }«erfV>rmed by its food, 
when employed as fuel in a steani-engiue. 
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the oilier requires. The respiratory movements in plants and animals are give-and-take, interrupted movements, 
occurring at stated intervals, and therefore rhythmic in character. 

Plants and animals, in addition to breathing, feed, and circulate their nutritious juices. The feeding and circu- 
latory movements, like the respiratory ones, are give-and-take movements, that is, they occur in a certain order, 
and at stated intervals. Plants and animals not only take in, assimilate, and circulate extraneous substances 
rhythmically ; they also give out the detritus or waste products rhythmically. The give-and-take, rhythmic move- 
ments referred to have to do with every change which occurs in plants and animals ; with the respiratory act, with 
the circulation of gases and fluids, with the absorption and assimilation of food, with the extrusion of waste products, 
with secretion and excretion, metabolism, &c. The give-and-take, rhythmic movements are provided for in the 
very beginnings of life. The cells of plants and animals afford the necessary conditions. Vegetable and animal 
cells are composed of a cell wall, a nucleus, and protoplasmic cell contents. The cell wall is porous, and provides 
an osmotic medium. When the cells are exposed to moisture, gases, heat, &c, two opposite or give-and-take virtually 
rhythmic currents are at once established ; there is the comparatively rapid ingoing or endosmotic nourishing current, 
and the slower outgoing or exosmotic waste product current. This explains how a plant or an animal composed 
of a single cell can live, grow, attain maturity, and reproduce itself. Living matter, lower than cells, possesses the 
same powers and exercises the same privileges. What is true of a single cell is true of every congeries of cells, and 
of all the tissues and parts formed by cells, in the simplest and most complex plant and animal organisms. Give- 
and-take movements are necessary to all. 

1 17. Spiral Structures and Movements Universal in Nature. 

The next arrangement and order of movement to be considered is the spiral. As already stated, the spiral 
formations and movements reveal themselves in the physical universe in a variety of forms ; in the spiral distri- 
bution of nebulae, in the spiral water-spout, the spiral sand-storm, &c. 

Has this spiral distribution and spiral movement of the atoms and molecules of matter in space any counter- 
part in plants and animals ? Most assuredly it has. The seeds of certain plants, and the ova and embryos of 
certain animals, exhibit distinct spiral formations and movements. 

While we have spiral formations and movement at the very beginnings of plant and animal life, these are 
multiplied and emphasised as growth and development proceed ; the highest representatives of the organic 
kingdoms providing the most numerous and striking examples. Thus in plants we find spiral cells, spiral hairs, 
spiral vessels, spiral stems, spiral branches, spiral leaves, spiral flowers, spiral fruits, &c. We also And spiral 
movements in climbing and other plants. 

Similar remarks are to be made of animals. In these, the muscles, bones, and joints are spirally constructed 
and arranged ; the heart, stomach, bladder, uterus, &c, also display spiral structure. All exhibit spiral movements. 
The movements of walking, swimming, and flying are, in every instance, spiral in their nature. 

Locomotion for the most part consists of spiral, sinuous, double-curve, figure-of-8 movements. These move- 
ments make their appearance in bacteria and the lower plant and animal forms. They occur in the cilia of infusoria 
and other organisms, where they take part in tactile, feeding, and swimming operations. The cilia and sinuous 
movements are not unfrequently met with on mucous and other surfaces, where they produce currents in given 
directions. The double-curve movements can be traced through the whole series of creeping things. They are seen 
to advantage in the wave movements of the caterpillar, and produce the characteristic wriggling of the worm : 
they appear in spermatozoa and in quite a large number of soft-bodied animals : they reappear in skeletal animals, 
and are witnessed in the swimming of the fish and in the creeping of the serpent. They are likewise the chief 
factors in the walking of quadrupeds and bipeds, and in the flying of insects, birds, and bats. 

The spiral structures and movements, as already stated, are fundamental — that is, they are not dependent on 
fortuitous circumstances, or any form of stimulation or irritation. 

Examples of spirals (single and double) are found in large numbers in plants and in animals. Spiral formations 
are symmetrical when two or four opposite spirals are employed. They are non-symmetrical or lop-sided when 
only one spiral is employed. Complementary spirals are by no means infrequent. 

The unaccountable thing is that crystalline, dendritic, and spiral formations and movements occur both in 
inorganic dead matter and in organic living matter. 

The subject of organic growth, development, and movement has many side-lights thrown upon it by a con- 
sideration of what may be regarded as inorganic growth, development, and movement — namely, the arborescent 
frost pictures, as they appear on window-panes and pavements in winter, the branching dendrites formed in 
minerals and metals, and similar dendritic displays made by lightning (revealed by instantaneous photography), 
and when it strikes and scorches the human skin. 
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A hasty generalisation would naturally lead to the conclusion that there is in the universe only one kind of 
matter and only one kind of force. It might even be inferred that the living or organic kingdom is an outgrowth 
or product of the inorganic kingdom, and that vital force is a mere variety and product of physical force. 

As, however, it has been satisfactorily proved that there is no such thing as spontaneous generation, a line 
of demarcation must be drawn as between dead and living matter, and between physical and vital force. 

The question to be finally put is, How are the spiral structures and movements produced ? They are, so far 
as I can make out, the result of independent growth and inherent endowment. The atoms and molecules of the 
growing and moving parts are distributed in spirals and move in spiral directions. This they do under the influence 
and guidance of a First Cause and of life. 

The spiral is a fundamental factor in structure and movement, behind which we cannot get. The spiral 
formation of soft and hard parts, seeds and ova, muscles, bones, joints, shells, horns, &c., are all, in my opinion, 
directly traceable to growth and original endowment ; and to the spiral distribution of the atoms and molecules 
which constitute each particular form of growth and each particular land of movement. 

The spiral distribution and movements of atoms and molecules, in the organic and inorganic kingdoms, are 
not only under law and order, but they are under the same law and order. There is not one law for the spiral 
inorganic, and another for the spiral organic formations and movements. 

The spiral distribution and movements of the atoms and molecules in the two kingdoms are never accidental 
or haphazard. If this were so, the stability of the two kingdoms would suddenly cease and determine. 

§ 18. Growth in Straight Lines and in Spirals ; Longitudinal and Transverse Cleavage : Limbs, Fins, 
Wings, &c. 

Growth and development, in order to meet the requirements of plants and animals, of necessity proceed in 
two principal directions, namely, in straight lines and in spirals. Plants and animals modelled on these lines are 
readily constructed, because they can grow or extend themselves into space without let or hindrance. They can 
also move with perfect freedom, as their moving parts cannot, under any circumstances, over-reach or interlock. 

Many examples might be adduced to prove that inorganic and organic structures and movements very closely 
resemble each other. 

The dendrites of minerals and metals, the frost pictures on window-panes and pavements in winter, the 
lightning flash, Ac, are amazingly like the arborescent forms seen in the branches and leaves of plants and trees, 
the division and subdivision of blood-vessels and lymphatics, the branching of nerve cells, bronchial tubes, Ac., to 
say nothing of the body itself \ which breaks up into extremities ; the extremities in turn dividing into digits, and 
their expansions as seen in the fins and tails of fishes, the flippers of sea mammals, and the wings of insects, birds, 
and bats. 

I am not aware that attention has ever been specially drawn to the manner in which the trunks of animals, 
as it were, proliferate by a process of budding ; the limbs, even in the highest animals, appearing as fleshy pro- 
jections or buds in the developing embryo. The limbs, while growing, also bud at their free extremities into digits, 
and the digits, in many cases, as stated, divide and split up to produce rays and membranes, as witness the 
pectoral, ventral, and caudal fins of fishes, the nervures of the wings of insects, the flying membranes at the bat, the 
primary, secondary, and tertiary feathers of the wings of birds, Ac. A very large percentage of all known animals 
assume the dendritic form. The dendrites in animal* may be symmetric or asymmetric, that is, they may display 
perfect symmetry as in certain star-fishes, or asymmetry as in certain molluscs. The symmetrical animals bear a 
recognisable resemblance to crystals and symmetric plants. The non-symmetric animals are comparatively few 
in number, and may be regarded as exceptions to prove a rule. The dendrites in animals, in many instances, take 
the form of appendages — antennae, hairs, cilia, suckers, probosces, Ac. ; they also, as explained, figure as aims, 
legs, wings, Ac. The dendrites or outgrowths are functionally of great importance as sense-organs, as vehicles 
for securing food, and as instruments of locomotion. Even pseudopodia take on the dendritic type and act in 
straight lines. 

In the lower animalR, we have examples of the dendritic arrangement in the VorticeOa, Hydra, Sertmlaria, 
Red Coral, Sea-pen. Actinia. Medusa, Comatula, Serpula, Rotifer, Sand-hopper, Beetle, Galeodes, Spiny Lobster, Crab, 
Spider, the Leaf Insect. Cuttle-fish. Ac. 

In the higher animals, the dendritic arrangements appear, partly as tegumentaiy appendages (scales, hairs, 
feathers, horns, hoofs), and partly as travelling organs — fins, flippers, arms, legs, wings, Ac. 

The serpent — a typical vertebrate animal — if the scales and ventral plates be excepted, is destitute of dendritic 
outgrowths. In the Lepidosiren. four small tapering processes project from the under surface of the body, and 
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prefigure limbs. In the siren, two very tiny rudimentary anterior limbs, with imperfect digits, appear. In the 
Ampkiuma y these are increased to four (two anterior and two posterior). In the Menobranchus, the same arrange- 
ment obtains; the limbs, though still very rudimentary, being a little larger. The limbs increase in size, and 
become more differentiated in the triton and crocodile, and are perfected in quadrupeds and bipeds. 

The tendency of the body to proliferate into extremities, digits, rays, .&<r., pioves clearly enough that the 
dendritic, or branching type, is common both in the organic and inorganic kingdoms.. "In. fact, the branching 
formations which occur in such great numbers in plants and animals are the analogues of •&&• dendrites seen in 
minerals and metals ; in the arborescent frost pictures ; in the branching lightning, &c. The* spiral formations 
bo common in plants and animals have also their representatives in the physical universe. These, as already indi- 
cated, appear as physical vortices, in spiral sand-storms, spiral water-spouts, and spirally-arranged nebulae. 'The 
physical spiral arrangements may not inaptly be regarded as the forerunners or heralds of the twisted stems and 
the revolving movements of climbing plants ; and of the twisted bones and extremities of quadrupeds and bipeds, 
with their spiral joints and complement of spiral muscles and spiral movements. 

No doubt many will fail to perceive any possible connection between spiral sand-storms, spiral water-spouts, 
spiral nebula, Sec., and the spiral stems and revolving movements of plants, and the twisted limbs and spiral 
movements of animals, as seen in walking, swimming, and flying ; and if so, no one will be disposed to cavil or 
impute blame ; still the resemblances are so striking, when carefully looked into, that no scientific inquirer can 
afford to pass them over. They are especially striking, when it is felt that they are the results of the spiral dis- 
tribution and spiral movements of the atoms and molecules common alike to the inorganic and organic kingdoms. 
They, in fact, point to the existence of a great law of growth, development, and movement which reigns supreme 
in both kingdoms, whereby atoms and molecules coalesce to form crystals and dendrites in the physical universe, 
and plants and animals in the mysterious universe of life. The law indicated, there is reason to believe, governs 
not only the major operations which produce movement and form in crystals, dendrites, plants, and animals, but 
also the minor operations which determine the arrangements and movements of the atoms which form molecules, 
of the molecules which form cells, and of the cells which form tissues. 

1 19. Atoms and Molecules the same in Dead and Living Matter. 

There are good grounds for believing that the distribution and movements of atoms and molecules in the 
organic and inorganic kingdoms are not essentially different, what difference there is being traceable to the presence 
of life in the organic kingdom ; life controlling, within limits, the elements of the inorganic kingdom, but working 
virtually on the same lines as obtain in that kingdom. 

The ultimate distribution and movements of matter in the organic and inorganic kingdoms, when one comes 
to think of it, should not materially differ. The one is part of the other. The organic comes from and returns to 
the inorganic ; the elements in both are the same. The plant and animal borrow all the materials forming their 
bodies, and much of the force which energises them, from the inorganic kingdom. There is therefore no room for 
antagonism between the organic and inorganic kingdoms, in so far as the dendritic and spiral formations and 
movements which prevail in both are concerned. 

The oneness, the practical identity, structurally and functionally, which obtains in the organic and inorganic 
kingdoms, affords perhaps the strongest argument for design yet put forward. It shows that the great First Cause 
is the Author of the organic and inorganic kingdoms alike ; that He works continually, and on the same lines in 
both ; that the two kingdoms are complemental, in fact, working parts of each other ; that the organic kingdom, 
while an elaboration and differentiation of the inorganic kingdom, is in no sense an inimical elaboration. 

This accounts for the reciprocation which is known to exist as between plants and animals, and as between both 
and the physical universe ; for the reciprocation which is known to take place as regards the intake and output 
of extraneous matters (solid, fluid, and gaseous) during the lives of plants and animals ; for the reciprocation of 
day and night, and the seasons, in their bearing on the growth, development, and rhythmic movements of plants 
and animals ; for the continued prevalence of law and order in the physical universe, and in the world of plants 
and animals, whereby the latter, and all parts of the latter, are duly provided for as regards locality, environ- 
ment, food, Ac. 

As, on the one hand, it is impossible to conceive of the physical universe as a chance combination of hetero- 
geneous substances and movements, so, on the other hand, it is impossible to imagine the great kingdom of plants 
and animals as the product of spontaneous generation and of accident. The controlling power of the Creator 
alone can explain the glories of the heavens and the wonders of animated nature. The same Master-Mind regulates 
the outgoings and incomings of both. It is unphilosophical to assume that law and order prevail in every depart* 
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ment of the physical universe, while no care, or very little, is bestowed on the members of the vegetable and 
animal kingdoms ; these being, as it were, left to shift for themselves, and to fight their own battles, or struggle 
for existence. I/Ogically, we are bound, to conclude that the myriads of tiny rudimentary plants and animals, as 
well as the multitude of differentiated, .complex organisms, and all the organs and parts thereof, are directly under 
control and supervision. .This £)oii& ifrill explain the mysterious powers exhibited by untold millions of almost 
invisible low plant apd^niip&J forms, and the vegetative functions in the higher animals and in man himself. 

The i^emy£fice8 # hetween inorganic dendrites, if I may be allowed the expression, as revealed in minerals, in 
metals».^d*in frest* and lightning pictures, and organic dendrites, as seen in the branchings of plant and animal 
ptnlottw^r f tffe so very striking and remarkable that I have deemed them worthy of special, and even profuse, 
• \*\ illustration. A careful examination and study of the photographs and drawings submitted compel me to believe 
•r " • that the lines of force represented in dendrites and in frost and lightning pictures correspond in the main with the 
lines of growth in plants and animals where subdivision and bifurcation take place. One law obviously controls 
and shapes inorganic and organic matter, and physical and vital forces. The living organic forms resemble the 
dead inorganic forms to such an extent as to leave no doubt in my mind that both are traceable to the 
operations of one and the same First Cause. 

The dendrites of minerals and metals, and the frost pictures, so closely resemble plants, and the venation of 
the leaves of plants, that they might readily be mistaken for them. The dendrites formed by lightning and 
electric sparks in space and when they touch the human skin, are marvellously tree-like in character, and 
reveal the most exquisite arborescent details and tracery. They bear an extraordinary resemblance not only 
to the branching of plants but also to the branching of blood-vessels, lymphatics, bronchial tubes, nerve cells, &c. 
in animals. They are in both cases essentially straight-line formations. The lightning and electric spark 
very specially resemble the branching of the neurons and ganglia in the human brain and spinal cord, and 
display at their bifurcations little subsidiary angular swellings representing discharges or explosions of force which 
strongly suggests similar discharges on the part of nerve centres in the several parts of the body, as witnessed in 
normal nerve action and as emphasised in abnormal nerve action, in certain forms of epilepsy. That there are such 
discharges of nerve force all over the body wherever there are aggregations of nerve-cells, ganglia, and neurons is to 
me a matter of certainty, 

§ 20. Resemblances between Crystals, Plants, and Animals : Anomalous Resemblances. 

I have submitted what some will regard as a plethora of illustrations to show that many plants resemble crystals 
and that many animals resemble both plants and crystals. Other remarkable similarities are to be noted. A large 
number of fossil corals bear a striking likeness to basaltic columns as found at Staffa in Scotland, and the Giant's 
Causeway in Ireland ; they also resemble, in their general outline, the prisms found in the enamel of teeth ; the 
fasciculi of voluntary muscles ; the hexagonal cells of the honeycomb ; the pigment cells of the choroid coat of the 
eye, &c. Other corals — the brain coral (Mwandrina cerebri formis), for example, which is a hard skeletal mass — wonder- 
fully resemble in general appearance the convolutions of the semi-fluid human brain. The fossil tooth of 
Labyrinthodon Jaegeri does the same. In this tooth, as a transverse section shows, are concealed not only the general 
characteristics of the convolutions of the human brain, but many of the details ; the external and internal convolu- 
tions and the peculiar markings of the latter can be readily made out. Similarly, the hard skeleton of the sponge 
known as Venus's flower-basket (Euplectella asj^ergillum) reproduces very accurately the intricate spiral arrangements 
which obtain in the muscular fibres of the ventricles of the heart of the bird and mammal. These can scarcely be 
regarded as chance resemblances. 

It is difficult to account for the extraordinary similitude of the brain coral and the transverse section of the 
tooth of the labyrinthodon to the convolutions of the human brain. In the case of the brain the convolutions 
occur in a soft pulpy mass : in the case of the brain coral, in a combined soft and hard mass : in the case of the 
tooth, in a substance harder than bone. It is not a question of the mere stowing away of material to occupy the 
least possible space. If the stowing away principle afforded an explanation of the convolutions of the brain within 
a bony case, it would not explain the formation of the coral free to grow in any direction ; or of the tooth free to 
increase in length and breadth. Moreover, all brains confined within bony cases are not convoluted. There are 
many intelligent animals with no convolutions in their brains. A somewhat similar convoluted arrangement to 
that witnessed in the brain, brain coral, and tooth is seen in the kidneys, lungs, blood-vessels (rete mirabile), glands, 
and placenta of certain animals. The folded, convoluted arrangement is common to many structures, and is, in 
a sense, fundamental. Primarily it increases the available surface of any particular part, organ, or organism : 
secondly it increases the strength and heightens the function of any particular part, organ, or organism. The 
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arrangement acquires importance from its frequency, and is referable to a law in anatomy and physiology based 
upon reduplication and repetition. Nature, like history, repeats itself, and the same forms and conditions reappear 
under various guises and sometimes in the most unlooked-for quarters — hence the ubiquitous and perplexing vestiges 
or remnants. 

The community of structure observable in Venus's flower-basket and the ventricles of the heart affords another 
example of repetition in things widely separated. Nor does the matter rest here. The radiating, branching, con- 
centric and spiral arrangements ; the longitudinal and transverse cleavage ; the distribution of matter in prismatic 
columns, &c. ; are found in inorganic and organic substances alike. The arrangements in question obtain in plants 
and animals, and also in the matter from which they are originally formed. This bespeaks a common origin, and 
the operation of similar laws in the inorganic and organic kingdoms. It testifies to the oneness of the universe as 
regards its dead or " brut " matter, and its living or vitalised matter. 

§21. Unity of Plan in Nature as regards Form and Colour: so-called Mimicry. 

It follows that there is, within limits, a unity of plan as between the productions of the inorganic and organic 
kingdoms. The unity of plan extends not only to the objects found in the inorganic and organic kingdoms but also 
to the colours of the objects forming these kingdoms ; and many, if not all, of the colours of plants and animals 
attributed to mimicry may, it appears to me, be referred to the unity of plan indicated. The prevalence of form- 
types and colour-types in nature all points to harmony and design. 

Certainly the infinite variety of tints, and the gorgeous display of colour witnessed in the heavens, in flowers, 

feathers, hairs, shells, minerals, &c, cannot be accounted for by any theory of mimicry or imitation. Harmony 

oi form and colour in the inorganic and organic kingdoms is a proof of unity and unity only. The harmony in 

question can scarcely be regarded as capricious or accidental, or even as the result of effort on the part of the things 

constituting the harmony. 

Animals have been said to imitate their surroundings in order to avoid detection and so save themselves from 
their enemies. The leaf-insect is stated to assume the characteristics of a leaf, and the stick-insect of dead branches. 
This reasoning could not apply to the brain-coral, and the transverse section of the tooth of the labyrinthodon, 
both of which are literal transcripts of the convolutions of the human brain. Neither could it account for Venus's 
flower-basket structurally resembling the ventricles of the heart, or the spicules of sponges resembling certain crystals, 
or crystals and plants resembling each other. Still less could it explain how corals, which are the skeletons of 
living things, resemble basaltic rock formations, and how the latter resemble the prisms found in the enamel of 
teeth, in the fasciculi of voluntary muscles, in the honeycomb, and other cell structures. 

All these resemblances are to be referred to a law of development, and a general plan, which applies both to the 
inorganic and organic kingdoms. Neither plants nor animals have the power of imitating or growing like anything 
but themselves. Such power implies design and creative agency outside both. The living thing cannot fashion 
itself or assume fantastic shapes and colours as apart from a Creator and a general scheme of form and colour. The 
power of mimicry for protective purposes is attributed to a comparatively few plants and animals. What is to be 
said regarding the majority of plants and animals not so protected ? The question naturally arises, Why should 
the few enjoy powers and privileges not possessed by the many ? If the colour and spots of certain flat fishes 
resemble the sand and gravel on which they rest, and the plumage of the grouse and ptarmigan resemble the heather 
and the snow, it is because there is a scheme of colour in creation as there is a scheme of form. The presence of 
the most exquisite colours in the skies, and in minerals buried deep in the earth, as well as in plants and animals 
and their tissues, attests the accuracy of this observation. If the chameleon changes colour in a living, natural 
condition, the dolphin does the same when dying. Mimicry affords no explanation. Moreover, there are myriads 
of plants and animals with bright colours, which, while they are effective and appropriate objects in the landscape, 
and contribute to the general harmony, would mark them only as objects to be destroyed by their natural enemies 
The explanation lies deeper than mere mimicry. The power to assume what are virtually new shapes and colours, as 
explained, does not inhere in plants and animals, but is conferred on them by the Creator. The same is to be 
said of developing plants and animals. Every differentiation, every change and modification, of form and colour, 
is predetermined. Like can only beget like. The leopard cannot change its spots, neither can the zebra change 
its stripes. 
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LINES OF FORCE IN CONNECTION WITH MAGNETISM, ELECTRICITY, OPTICAL PHENO 
MENA, &c, AS BEARING UPON STRAIGHT-LINE, CURVED, AND SPIRAL FORMATION! 
IN PLANTS AND ANIMALS 

The peculiar straight-line, curved, and spiral formations due to radiating, concentric, and other arrangement 
witnessed in crystals, plants, and animals, which are discussed and illustrated in the early sections of this work 
have their representatives in the physical universe. They are seen to advantage in the action of magnets, elec 
tricity, &c, upon iron-filings and other substances. Generally speaking, they correspond to the " lines of force ' 
produced by these agencies, and are physically and physiologically of the greatest possible importance, from th< 
fact that they are fundamental and, within limits, common to animate and inanimate bodies. The distributioi 
of matter in the organic and inorganic kingdoms opens up a wide subject, but it has such an obvious bearing 01 
a First Cause and Design that it is necessary to treat it more or less exhaustively. It is now known that almos 
all substances are magnetic, and the relation between magnetism and electricity is of the closest possible kind 
indeed the majority of physicists believe that they are different forms of one and the same thing. It is necessar 
to take up these subjects more or less in detail. 1 

To Franklin, Beccaria, Galvani, Oersted, Davy, and Faraday primarily, and to Maxwell, Kelvin, Helmholtz 
and Henry secondarily, is due most of our knowledge regarding magnetism and electricity. 

The researches of Heinrich Hertz have confirmed the modem conceptions of these subjects. Professor H. Eber 
in a recent work 2 has further simplified matters by utilising the conception of lines of force in the systematic 
exposition of the phenomena concerned. He lays special emphasis on three fundamental ideas, namely, (a) that o 
lines of force ; (b) that of energy in a magnetic or electro-magnetic field ; and (c) that of the symmetry of i 
medium which is the seat of magnetic force. He points out that magnetic attraction is not due to fluids concen 
trated at certain points, but to pressures and tensions in the field surrounding the attracting bodies. Accordinj 
to him, " When an electrical current is flowing, the seat of the phenomenon is not the conductor merely : the mos 
important part of the whole phenomenon takes place in the field of magnetic force surrounding the conductor 
It is accordingly to these fields, and the forces continuously propagated through them from point to point, tha 
the highest interest is attached." 

§22. The Lodestone. 

In considering the subject of magnetism and electricity and lines of magnetic force it is necessary to say t 
few words regarding natural and artificial magnets. 

The natural magnet, or lodestone, which is a certain native oxide of iron, termed magnetic iron ore, possessei 
the remarkable property of attracting iron-filings. 

When or by whom this property was originally discovered is not known, but the Greeks called such iron on 
fiayvriTis, from the name, as it is supposed, of a shepherd who first observed its property. 

Pliny describes it under the name of " magnes," a term derived from Magnesia, a province of Lydia in Asia Minor 

This iron ore consists chiefly of the two oxides of that metal (FeO, Fe 2 3 ) or Fe s 4 . 

The term lodestone has been derived from leading stone, i.e. " lode," a way, for the directive properties of th< 
magnet were for many years utilised for navigation purposes before its other properties were understood. Many o 
these other properties, but to a far less extent, are exhibited by the ore of nickel, cobalt, and a few other metals. 

The powers possessed by the natural magnet are extraordinary and peculiar. Thus it is found that if a natura 
magnet be dipped in iron-filings, tufts and strings of the iron-filings adhere to it, especially at its corners and edges 
The magnet exerts a special influence on the filings, and the tufts and strings of filings increase in length ; th< 
particles attached acquiring the properties of the lodestone and attracting others. The force exerted is greates 
nearest the magnet. It is diminished as the magnet is receded from ; a point being reached when the attracting 

1 The foregoing was written by me in the summer of 1902. Early in November 1905 I received in due course my copy of the " Proceeding 
of the Royal Society," in which I found a paj>er with three plates by Marcus Hartog, M.A., D.Sc, entitled "The Dual Force of the Dividing 
Cell " (Part I. : The Achromatic Spindle Figure Illustrated Dy Magnetic Chains of Force). As this paper traverses much of the ground occupiec 
by me more than two years before Mr. Hartog's paj>er appeared, and as his plates and figures, in some cases, greatly resemble my own, I deem it 
important to mention the fact. There is this difference between us : Mr. Hartog confines his observations and illustrations to the "dividing cell' 
as seen in reproduction. I, on the other hand, endeavour to establish a parallel between vital and physical lines of force as witnessed not onlj 
in reproduction, but also in growth generally, as seen in plants and animals at every period of their life histories. In other words, I endeavour U 
show that every part of plants and animals has its analogue in the inorganic kingdom. I give a wider scope to the inquiry, and point oul 
that the general shape of plants and animals, and the particular form of all their parts, have their jprototypes in the inorganic kingdom. I dc 
not, however, attempt to identify electricity and life, or to substitute physical force for vital force. These I regard as separate entities. 

* " Magnetic Fields of Force — An Exposition of the Phenomena of Magnetism, Electro-magnetism, and Induction based on the Conception o| 
Lines of Force." Translated by C. V. Burton, D.Sc. London, 1897. 
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force is so feeble that the chain of filings breaks. " The adherent tufts of iron-filings are apparently not only subject 
to the influence of gravity, but are themselves the seat of some special kind of influence. ~ Between the separate 
particles some modifying cause is evidently at work ; they possess a certain rigidity. If we try to separate them 
from the lodestone they become drawn out into chains, the filings adhering one to another in succession : the 
magnetic influence is taken up by the chains of particles, and transmitted from one to another." In fact each 
particle of iron becomes a separate magnet. 

The power exerted by the lodestone differs from that exerted by other bodies. If the finger or other substance 
be presented to the filings, some may adhere, but they do so in quite a different way, and in a smaller degree. If 
the lodestone be dipped in sand, or in filings of copper or brass, there is no special action of the lodestone in 
these cases, but only that form of cohesion which exists between all bodies in contact. It is not to be inferred 
from the last experiment that sand, copper, and brass cannot be brought under the magnetic influence : only this, 
that they are feebly magnetic when compared with the iron-filings, which are strongly magnetic, and are conse- 
quently the most convenient for illustration and the construction of magnetic diagrams and pictures. 

Faraday pointed out that all bodies (even gases) are magnetic, and he divided them into dia-magnetic and para- 
magnetic, according as they arranged themselves across the poles or parallel with the poles of a horse-shoe magnet. 

The lodestone or natural magnet can convey its properties to other substances. Thus, if a piece of steel, say 

a sewing or knitting needle, or the blade of a knife, be stroked in a given direction and for a certain time by a 

magnet, the needle and the knife become magnetised. The magnetic properties of the lodestone are conveyed to 

the needle and knife, and they become artificial magnets. Similarly, in the case of frictional electricity, if a stick 

of sealing-wax or a piece of amber be vigorously rubbed with a piece of silk, the sealing-wax and amber attract 

light substances, such as hairs, feathers, and cork, to them. They acquire properties not previously possessed by 

them. It is thus possible to produce artificial magnets. The most common forms of artificial magnets are those 

known as bar-magnets and horse-shoe magnets : the former consisting of a straight bar of steel with a north pole 

at one end or extremity, and a south pole at the other end or extremity ; the latter consisting of a bar of steel 

bent like a horse-shoe with its poles approximated. The horse-shoe magnet is the more powerful. In both forms 

of magnet the lines of force pass from north to south pole and consequently the north pole attracts the south pole 

and vice versd. To the bar and horse-shoe magnets, the important electro-magnet is to be added. 

By means of iron-filings the influence exerted by the different parts of a magnet and the lines of force generated 
in each particular locality can be traced. 

Magnetic and electric currents are produced in various other ways — by the action of acids on different metals 

united by a wire, by the application of heat and cold to different metals joined at two points, by friction, by induction. 

Magnetism, electricity, heat, and light are now regarded as forms of motion, and are closely allied to each other. 

They are all dependent for their manifestation on matter in a highly minute state of division ; the particles and 

forces inhering in them acting and reacting on each other in rapid and constant succession. 1 

In estimating the lines of force it is of primary importance to eliminate, as far as possible, the effect of gravity 
in the particles, and this is most readily done by scattering the iron-filings over a sheet of white paper placed on a 
horizontal support in the region of magnetic influence. The filings are best distributed from a sieve held above 
the paper, as this ensures a greater or less degree of uniformity. When the magnet is placed on the paper with 
the iron-filings, and the paper gently tapped, the filings arrange themselves in beautiful curved lines known as 
Faraday's lines of force. 

The pictures produced by the action of magnets on iron-filings had been observed prior to Faraday's time, but 
he was the first to determine their true nature and value. 

These pictures supply, as it were, a chart of the lines of force generated by the magnet in the first instance, 
and by the particles of iron in the second instance. 

Very satisfactory pictures of iron-filings can be obtained by employing ferrum jmlveraium or ferrum redactum 
shaken from a small linen bag on a horizontal sheet of smooth white cartridge paper. When the lodestone is applied 
and the picture completed, the iron particles indicating the lines of force can be fixed by spraying the paper with 
a thin solution of white shellac varnish. The picture so produced and fixed can be photographed and preserved for 
future study and reference. 

1 " When a Leyden jar is discharged the knohs of the jar l>ecomc alternately iM>sitive and negative. The medium around the jar is therefore 
polarised alternately in opposite directions. This jtolarisation starts from the knob and spreads through space, at each point of which there are 
to-and-fro motions, and waves of opposite polarisations are sent through the medium, carrying the energy which had been stored up in the Leyden 
jar. There is a periodic or to-and-fro movement in the ether, and if we could make a Leyden jar of molecular dimensions, charge it, and discharge 
it, we could produce a periodic movement in the ether which is analogous to that which oecurs in the propagation of light. Maxwell's electro- 
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Another plan is to cover a sheet of paper with a thin layer of paraffin-wax, form the line of force picture, and 
fix it by gentle heat. The pictures of iron-filings may also be photographed directly by sprinkling the finest iron 
dust over the gelatine film of a bromide of silver dry plate in a dark room, by placing the magnet which produces 
the lines of force on the dry plate, and by tapping the edges of the plate gently with a glass rod. When the 
picture is formed the lodestone is removed, the plate exposed, and the image fixed in the usual way. 

I append two plates (Plates lv. and lvi.) containing lines of force representations of iron-filings produced by 
magnetic action ; my object in the present instance being to direct attention to the existence of " lines of force " 
in the inorganic kingdom in relation to similar lines of force which I believe exist in the organic kingdom, as indicated 
by the movements, growth, and structures in plants and animals. The inorganic lines of force can also be traced 
in electric and analogous discharges (lightning flashes, electric sparks), in the formation of crystals, frost pictures, 
dendrites in minerals and metals, &c, as seen in Plates xxix. to xxxvi. inclusive. 

"LINES OF FORCE" PLATES (Plates LV. and LVI.) 

These plates contain representations of " lines of force figures " obtained by experiments with natural and 
artificial magnets on iron-filings and other substances. The lines of force figures remarkably resemble in their general 
arrangement, and even in their details, similar figures met with in crystals and in the several parts of plants and 
animals. They point to general laws which govern equally the inorganic and organic kingdoms. They reveal 
radiating or stellate, curve, concentric, circular, and spiral arrangements, all of which are found in dead and living 
matter alike. 

All substances are magnetic (dia-magnetic and para-magnetic), and it is difficult to say what precise part 
magnetism and electricity play in the disposal, arrangement, and movements of the ultimate atoms and molecules 
of animate and inanimate bodies. 

That the role performed by magnetism and electricity in the arrangements and movements of ultimate matter 
is a leading and important one cannot be doubted. This becomes more apparent as the circle of the sciences 
widens, and the relation of inorganic to organic matter becomes better understood. 

The " lines of force figures " are from Professor H. Ebert's work " Magnetic Fields of Force," translated 
by 0. V. Burton, D.Sc, (London and New York, 1897), but the inferences drawn from the figures are those of 
the Author onlv. 

PLATE LV 

Fig. 1. — The dark, radiating, nearly straight and curved lines in this figure are due to the influence exerted by the lodestone or 
natural magnet on iron-filings uniformly distributed over a horizontal sheet of white paper. They represent the lines of force ; in 
other words, the arrangement of the iron particles by the lodestone. The white patches a, 6. c, d indicate the absence of iron-filings, 
these having adhered to the lodestone when it was removed after the formation of the lines of force picture. 

Fig. 2. — Lines of forve figure produced by the action of an artificial horse-shoe magnet on iron-filings. $, n, The poles of the 
magnet ; •', region of least attraction or indifferent zone of the magnetic field. The lines of force are most marked at the poles. Here 
they radiate in nearly straight and in graceful curved lines: the nearly straight lines proceeding from the outer corners of the poles — 
the curved ones from the upper ends of the poles. At the central portions of the magnet the lines are nearly straight and transverse. 
At the bend of the magnet the lines curve round and follow generally the outline of the bend. The lines in this region are less under 
the influence of the magnet, and form its indifferent zone (t). 

Fig. 3. — Lines of force figure produced by the action of a lodestone or natural magnet on iron-filings : the poles of the magnet being 
armed with pole pieces and rods of soft iron to concentrate and increase their power. «, m, The poles of the magnet. In this figure, 
the radiating and curved arrangements are seen to perfection. The curves are best seen between the poles. They resemble centres of 
development in crystals and of growth in plants and animals. Compare with Plates i., ii., iii and iv. 

Fig. 4. — Lines of force figure produced by the action of an artificial round bar-magnet on iron-filings when the bar-magnet is held 
iu a vertical position. Shows concentric and radiating arrangements of the iron-filings similar to those met with in crystals, 
in the stems, branches, and other parts of plants, and in the bones, teeth, aud other parts of animals in cross section. Compare 
with figures in Plates i. to v. inclusive. 

Fie. 5.— Lines of force figure of the earth considered as a natural magnet, jt, Centre of the earth. The axis of the earth is 
indicated by the short oblique lines proceeding inward from the periphery of the figure, m, *, North and south poles of the earth, 
where the lines of force are most numerous and intense : they radiate and curve round, those from the north pole curving round and 
re-entering the earth at the south pole. The lines of force are feeblest at a, <i ; those regions representing the indifferent zones of the 
magnetic held. 

Fig. 6.— Lines of force figure produced by an artificial bar-magnet acting on iron-filings as seen in a horizontal plane parallel to 
the axis of the magnet. t % w> The polar regions, or centres of greatest magnetic intensity ; j y the centre of least magnetic intensity 
(iudiferent zone). Shows the radiating, nearly straight, and curved arrangements in a striking manner. The curves are most marked 
l*twe*n the poles, where they form incipient concentric rings ; thev are least marked and straightest at the outer edges of the poles. 
The arrangement is that seen in the formation of many crystals and at growing centres in plants and animals. 

Fig. 7. — Lines of force figure obtained by two conductors {massing perpendicularly through a plane of paper and iron-filings, with 
a little bar-magnet or needle placed near, whose axis points directly towards the ax'is of the conductors* c v c^ Spots at which the 
conductor* pass perpendicularly through the pai»er and iron-filings. At c, th? current passes from below upwards and embraces the 
conductor in a direction the reverse of that in which the hinds of a clock move. At r 2 the current passes from above downwards and 
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PLATE LV (continued) 

embraces the conductor in an opposite direction. Two systems of opposite concentric rings are produced. Between the points c x and c t 
lies the needle n, 8, its position being indicated by the disturbance of the lines of force. Two bundles of lines of force are attached to 
the needle, due to the current passing in opposite directions. These meet in the middle of the magnet and form an indifferent zone. 
The tension along the lines of force tends to deflect the needle out of the plane of the current, causing the north pole (n) to move 
downwards and the south pole (s) upwards. 

This figure shows that lines of force are influenced and modified by the presence of foreign bodies. Bodies act and react on each 
other, and so of movements. 

The figure illustrates the spiral, figure-of-8, and circular arrangements frequently met with in the tissues and organs of plants and 
animals, and in the movements of walking, swimming, and flying. 

PLATE LVI 

Fig. 1. — Lines of force figure produced by the action on iron-filings of two magnets with their north poles turned towards each 
other. In this case the magnets (Afj, Af,) and lines of force repel each otlier, as indicated by the darts (i^ i 2 ). n„ n^ The north poles 
of the magnets ; s x , *,, the south poles of the magnets ;j, indifferent or zero point caused by mutual and equal repulsion. At this point 
a short magnetic needle is not influenced or exposed to any directive agency. This figure shows that the lines 01 force proceeding from 
each north pole (n„ nj are bent back on encountering each other, and curve sharply round, and at points become more or less parallel. 

Fig. 2. — This figure is the opposite of Fig. 1. In this case the north and south poles of two magnets (3f„ Af 2 ) are directed towards 
each other, with the result that the lines of force are attracted or drawn towards eacn other as indicated by the darts (i,, i t ). n v n^ 
the north poles of the magnets ; s v &# the south poles of the magnets. This figure shows that the lines of force proceeding from the 
pole rij of tne one magnet (Afj), bend round and unite with the lines which terminate in the pole *« of the other magnet (M s ). In the 
interspace between the unlike poles of the two magnets (n v * 2 ), the lines of force are crowded together and very little bent or curved 
(/). In the more outlying parts of the field they are more spread out, and pass in wide curves from one pole to the other. The lines 
of force are less spread out and curved than in Fig. 6, Plate lv. ; a circumstance due to tension along the lines of force and to cross 
pressure. 

Figs. 3 and 4 are produced by two bar-magnets of equal power fixed in a vertical position at different distances from one another ; 
the poles being like or unlike according to arrangement. In Fig. 3 the poles are unlike (n, *), whereas in Fig. 4 they are like (n, n). 
In Fig. 3 the iron-filings radiate from the unlike poles (n, *), ana bend towards each other in graceful curves between the poles ; the 
curves becoming larger as the mesial line between the poles is receded from. In Fig. 4 the iron-filings radiate, but the curves formed 
by them in the interspace Q*) between the poles (w, n) are absent ; a circumstance due to like poles and the lines of force proceeding 
tnerefrom repelling each other. The rule in such cases is, " Like poles repel and unlike poles attract." The interspace (j) forms an 
indifferent zone. In Figs. 3 and 4 the action and reaction of the poles on each other is very marked. The figures illustrate the effects 
produced by attraction and repulsion respectively, and how plant and animal structures and movements may be modified. 

Fig. 5. — Lines of force figure produced by the action of the unlike poles of two bar-magnets adjacent to one another on iron-filings. 
The lines of force proceeding from the poles (n v s x ) of the one magnet bend round until they reach the poles (n^, «j) of the other magnet 
They unite with the lines proceeding from the latter poles, and establish a connection between the two bars — the lines of force near 
the poles being almost straight. In the space outside the magnet the lines of force are bent, and form larger and larger curves, because 
of pressure perpendicular to their direction. t lf tj, The different zones of the magnetic field ; j, region where the lines of force 
are absent. 

In the case of two bar magnets with like poles adjacent to one another the lines of force which proceed from the poles (n u * t ) of the 
one magnet curve back on meeting the poles (n^ * 2 ) of the other magnet, and in so doing largely avoid the space between the two 
magnets and run parallel. 

The lines of force in Fig. 5 very closely resemble similar lines seen in centres of development in crystals, and lines of growth in 
plants and animals. 

Fig. 6. — Lines of force figure obtained in a plane perpendicular to a rectilinear conductor. In the middle of the picture is seen the 
circular section (c) of the cylindrical wire ; the iron-filings having arranged themselves in complete rings embracing it concentrically. 
There are no points at which the lines of force originate or terminate ; in other words, there are no sources or sinks in the field. The 
force exerted is greatest in the vicinity of the wire, where the iron-filings are aggregated and form a dark ring : the force decreases as 
the wire is receded from, the rings of iron-filings becoming larger and more faint in a direct ratio to the distance. " All the lines of 
force due to a current in a straight wire lie upon cylindrical surfaces whose axis coincides with that of the wire." This figure haB an 
obvious bearing on the formation and growth of all concentric structure**, as witness the cross sections of many crystals, the stems, 
branches, and other parts of plants, and the bones, teeth, and other parts of animals. 

Fig. 7. — Shows a lines of force diagram with a current flowing round a ring. The arrangement consists of a horizontal sheet of 
paper with iron-filings, through which a thick copper circular wire, the ends of which are not quite in contact, runs in a perpendicular 
direction. When a current is sent round the wire in the direction (+ to -) indicated by the darts, the concentric lines of force seen 
within and without the circular copper wire are obtained : they are more crowded within than on the outside of the wire. The actual 
lines made by the iron-filings are given at Fig. 8. 

Fig. 8.— Lines of force figure produced by a current sent along an open copper ring running perpendicularly through a horizontal 
sheet of paper with iron-filings. According to Professor Ebert, " The direction in which the lines of force are to be positively reckoned 
may be easily deduced from the positive direction along the conductor (axis of force). If this latter direction is considered clock-wise 
from our point of view, the lines of force will encircle the left limb of the wire clock-wise as seen from above. These lines, then, as 
they spread through the ring are directed towards the observer, the same being true of the lines which encircle the right limb of the 
wire, and, in fact, all the lines of the system. Thus, a translation in the direction of the magnetic force, combined with a rotation in 
the sense of the current, would constitute a right-handed screw motion. We may say that a current and the lines of induction which 
it produces embrace one another right-handedly " (Ebert, Part I. p. 193). 

This lines of force figure bears a general resemblance to cross sections of various parts of plants and animals. 

Fig. 9. — Lines of force figure produced by the action of a conducting wire and the south pole of a bar-magnet on iron-filings. The 
presence of the south pole (a) of the magnet deforms or disarranges the field of concentric magnetic lines of force produced by the 
action of the conductor (c), and gives rise to a spiral arrangement of the iron-filings. Contrast with Fig. 6, where the magnetic field is 
undisturbed. The current passes through the plane of the picture from below upwards. " Of the lines of force which densely encircle 
the cross section of the conductor (c) a considerable number end at the 'sink ' * (south pole of bar magnet). Here they leave the open 
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PLATE LVI (continued) 

field and pass into the substance of the magnetised steel bar ; a place of no magnetic force making its appearance just above s. 
Beyond the range of the sink s, the lines of force bend round in wide curves, passing through the undisturbed side of the field and 
completely encircling the conductor " (Ebert, p. 208). 

This picture shows how concentric lines of force can be directed and converted into spiral lines by the presence of a foreign body. 
Spiral arrangements occasionally occur in crystals, and are very common in plants and animals. Spiral structures and spiral move- 
ments are everywhere present in the inorganic and organic kingdoms, as witness the whirlpool, sand-storm, cyclone, and the movements 
in walking, swimming, and flying. 

Fig. 10.— Lines of force figure produced by a conductor and the north pole of a bar-magnet acting on iron-filings. In this case the 
concentric lines of force investing the conductor (c) become mixed up with a certain number of the lines of force proceeding from the 
north pole (n) of the bar-magnet. At c there are concentric lines of force, and at n radiating lines of force. In the interspace between 
c and n, the two systems of lines become mixed and blend together. In the lower part of the picture there is a space nearly free from 
lines of force. The current passes in a downward direction clock-wise round c. This figure shows a transition as between radiating 
and concentric lines of force which results in a certain degree of spirality. 

Fig. 11. — Lines of force figure produced by the action of two current-conductors (placed widely apart) on iron-filings. When the 
conductors are separated by considerable intervals they do not disturb each other's magnetic fields. Thus in cross sections the lines of 
force investing each conductor are disposed in concentric circular lines ; each system of lines being complete in itself, and not being 
influenced or modified by the other system. It is otherwise when the conductors are placed near each other, as seen at Fig. 12, which 
see. This figure resembles the arrangement found in cross sections of the vascular bundles of plants and the blood-vessels, &c, of 
animals. 

Fig. 12. — Lines of force figure produced by the action of two current-conductors (placed near each other) on iron-filings. In this case 
each of the two axial fields extends into the range of the other, with the result that the two fields are disturbed and considerably 
modified. Provided the currents of the two conductors flow downwards their lines of force run clock-wise around c x and c 2 . Between 
the conductors their annular lines of force run in contrary directions, and tend to cross each other figure-of-8 fashion. Exactly in the 
middle, between c x and c^ there is a point where the two halves of the figure-of-8 curves meet. Within the two halves the lines of 
force are in the form of rounded ovals, with elongated ends turned towards each other. Outside the two sets of ovals with the elongated 
ends the lines of force pursue a common, elongated, oval course. 

This figure is important, as showing that figures-of-8 may be produced from rotatory movements in opposite directions, and by the 
juxtaposition of the current conductors. Figure-of-8 structures and movements are very common in animals, especially in the hollow 
viscera and organs of locomotion. 

Fig. 13. — Lines of force figure produced by a conductor and a bar-magnet acting on iron-filings. The lines of force of the current 
produce a concentric system of rings seen at the cross section of the conductor (c). At the side where the magnet is, with its source n 
and sink «, the two fields are superposed. The current flows from below upwards, through the plane of the figure, the lines of force, 
viewed from above, encircling the conductor-currents counter-clock-wise, as may be seen from their behaviour on encountering the poles 
(n, s) of the magnet If the magnet is free to rotate about its middle point it is deflected. This figure shows conclusively how con- 
ductors and magnets mutually influence each other. 

Fig. 14.— u Shows a lines of force diagram for a ring-shaped coil, in a plane passing through the axis of symmetry. Sp, Sp are the 
places where the coil intersects the plane of the diagram, on either side of which it projects semicircularly. The lines of force sur- 
rounding all the separate turns follow approximately the same course, and unite to form continuous curves, those which most closely 
embrace the cross section of the coil being nearly concentric with it. On the other hand the more remote lines, owing to the pressure 
of the inner ones, are bowed out excentrically into widely spreading curves. In the neighbourhood of the axis of the coil the field is 
approximately uniform " (Ebert, pp. 241-2). 

Fig. 15. — Lines of force figure produced by two oppositely-directed parallel currents and their electrodynamic action on one 
another (repulsion). c„ Cj, Cross sections of the two conductors. Provided with current along c x from above downward through the 
plane of the figure, its lines of force follow the hands of the clock. The current along c, in this case flows from below upwards, and in 
a direction opposed to the hands of the clock. In the mesial line between the conductors (c v c x ) the lines of force which run side by 
side have the same direction. Their tensions and pressures are added together. The annular rings of force because of mutual pressure 
are crowded together in the direction of the mesial line, and bulged out in a contrary direction, and cease to be strictly concentric, as 
happens in Fig. 6, Plate lv. The pressure across the lines of force tends to drive the two current conductors apart, as indicated by 
the darts. In other words the current conductors repel each other. 

Figs. 16 and 17 — Show the disposition of the lines of force in para-magnetic and dia- magnetic bodies. Thus in iron (Fe\ which is a 
para-magnetic substance, the lines of force from the north pole (n) of a magnet converge before the iron is reached, and diverge after 
passing through it. The ends of the iron facing the north and south poles become a source and a sink. In bismuth (2K), which is a 
dia-magnetic substance, the lines of force behave quite differently : they diverge on reaching the bismuth and converge after having 
passed it. They pass for the most part through the surrounding medium. In the case of the iron there is axial or polar setting : in 
the case of bismuth equatorial setting. Different substances are differently affected by magnetism, and the substances in torn 
react upon the currents : the lines oi force in the case ofpara-magnetic bodies are made to converge and diverge; whereas in 
dia-magnetic bodies they are made to diverge and converge. These opposite effects are of the utmost consequence in the distribution of 
the ultimate atoms and movements of inorganic and organic matter. They prefigure the opening or expanding centrifugal structures 
and movements, and the closing or contracting centripetal structures and movements, everywhere observable in plants and animals. 

The iron-filing pictures afford indications of the direction and magnitude of the magnetic force. 

There are in the iron-filing pictures what are virtually outgoing and returning lines of force. These are due 
to opposite properties at different points of the surface of the magnet, whereby the influences which proceed from 
certain regions of the magnet re-enter it at other regions. These regions are designated polar regions or poles, and 
are similar to the poles of the earth, " from one of which magnetic lines of force proceed outwards into space, while 
at the other the lines pass back into the interior of the earth." 

It is convenient to speak of the points from which the lines of force issue and re-enter the magnet in greatest 
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number as polar regions or poles. They are, so to speak, points of distribution and convergence. They are also 
foci or points of intensity. 

In studying Fig. 1, Plate lv., which represents the effect produced by the contact of a lodestone or natural 
magnet with iron-filings equally distributed on a horizontal sheet of white paper, it is important to note the general 
appearance of radiation so well seen in cross sections of the stems and other parts of plants, and in cross sections 
of the muscles, bones, teeth, horns, and other parts of animals. It is also important to observe the first traces 
of curve, and circular formations, in the several parts of plants and animals. Compare with Plates xxii., xxiv., 
andxxvii. 

The idea presented by the contact of the lodestone with the iron-filings is that of a power radiating its energy 
in more or less straight lines, stellate-fashion, and in more or less curved lines, concentric-fashion. Both the 
radiating and concentric forms of energy occur in plants and animals, and the two kinds of energy are to be 
credited with the radiating and concentric arrangements so common in plants and animals, and to which plants 
and animals largely owe their symmetry and their strength. The radiating and concentric arrangements are also 
seen in crystals (compare Plates i. and ii.). The radiating and concentric arrangements in question point to a 
common law of construction in crystals, plants, and animals. 

From what has been stated it will be apparent that the iron-filings equally distributed on a horizontal sheet of 

white paper are acted upon and influenced by the lodestone or natural magnet. The filings form the so-called 

"magnetic field" ; this consisting of the space to which the influences of the magnet extend. As the external 

surface of the magnet and the magnetic influences exerted thereby only have to be considered, it is permissible to 

speak of the magnetic field as confined to one or more planes. As, however, the interior portions of the magnets 

and the magnetic influence exerted by them are also to be considered, it follows that the magnetic field must be 

enlarged, the field of the magnet being extended in three directions. As a matter of fact, the magnetic field in the 

extended or ultimate sense surrounds or invests the magnet as a whole. It is therefore best represented as a spherical 

apace with the magnet in the centre ; the lines of force emanating from the magnet radiating into space to a 

practically unlimited extent. 

As the polar regions or poles of the lodestone or natural magnet are unequally distributed, from irregularity of 
shape and other circumstances, it is necessary to direct and concentrate the magnetic influences within limited areas. 
This is best done by the employment of soft iron shields and rods which are readily permeable to magnetism. The 
iron shields and rods are applied to the polar regions of the lodestone ; the polarity being transmitted to the 
exterior of the so-called " pole-pieces " in an intensified form. 

When the pole-pieces are applied to iron-filings evenly distributed on a horizontal sheet of white paper a lines 
of force picture is produced, as shown at Fig. 2 of Plate lv. The lines of force picture is remarkable for its symmetry, 
and for the localisation of the poles. There is radiation of the iron particles round each pole as a centre, and between 
the poles the iron particles are disposed in what are virtually concentric lines. The radiating and concentric 
arrangements indicated in Fig. 1, Plate lv., reappear in a slightly modified form, and produce arrangements met 
with in crystals, plants, and animals. 

The pole-pieces of the lodestone may be connected and the magnetic circle closed by applying a band or bridge 
of soft iron, known as the keeper, to them. In this case the magnetic properties of the lodestone are conserved. 
The keeper aggregates and transmits through it the lines of force which pass from pole to pole. It adheres to the 
pole-pieces and so overcomes gravity. 

As will be seen, the magnetic properties of the lodestone may be intensified, directed, and conserved by the 
aid of the pole-pieces and keeper. Whatever the nature of the magnetic power, it is evidently non-material. This 
followB because the finest and most sensitive scales or balances fail to detect any increase in weight of substances 
after magnetisation. In other words, the substance magnetised is of exactly the same weight as the substance 
unmagnetdsed. Magnetisation can only consist of a rearrangement of the matter already existing in the substance, 
or in giving to the particles of the substance, and those surrounding it, some kind of motion, most probably of 
a cyclical or rotatory nature ; the motion not affecting the magnet as a whole, but only its component parts. 

§ 23. The Bar-Magnet. 

The production of lines of force pictures is facilitated by the employment of artificial magnets, as these can be 
made of suitable sizes and of convenient shapes. The simplest is the bar-magnet. This consists of an elongated 
bar of steel magnetised by stroking it with the pole-piece of a lodestone in the same direction forty or fifty times. 
Its magnetic properties are most marked at, and indeed almost exclusively confined to, its free ends ; these constituting 
its poles. The bar-magnet, when applied to iron-filings evenly distributed on a horizontal sheet of white paper, as 
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explained, produces the striking, well-defined lines of force picture seen at Kg. 3 of Plate lv. This picture resembles 
in its general features that seen at Fig. 2, Plate lv., and need not be further described. 

If a round bar-magnet be supported vertically on a horizontal sheet of white paper, over which iron-filings are 
evenly spread, a lines of force picture in a horizontal plane is obtained, as seen at Fig. 4 of Plate lv. 

This figure is very remarkable, as showing a radiating and concentric arrangement of the iron-filings such as 
is frequently witnessed in crystals, plants, and animals, and which, as already explained, makes for symmetry 
and strength. 

In the case of a very long, thin, bar-magnet the iron-filings attach themselves almost exclusively to its 
extremities, and assume the form of nearly spherical tufts : the filings between the extremities, which constitute 
its " indifferent zone," being scarcely at all influenced. The extremities or poles act, in a great measure, indepen- 
dently. The field at either end of a long bar-magnet is said to be " unipolar" In the cross sections of such a 
magnet the lines of force proceed radially. As many of the lines of force originate at the circumference of the end 
of the magnet, the iron-filings aggregate and form a black ring in the middle ; the portions on either side of the 
black ring being denuded of filings and appearing white, as shown at Fig. 4, Plate lv. 

§ 24. The Compound Magnet. 

As already stated, the power of a magnet depends on the number of lines of force issuing from it ; the greater 
the number of lines of force proceeding from a magnetically active plane, the greater their effect. The power of a 
bar-magnet is increased by combining it with other bar-magnets, care being taken to arrange the ends of the bars 
having the same kind of magnetism together ; the lines of force all diverging from one end and converging again 
at the other end. In this way a compound magnet is formed. 

There are various special magnets to which it is only necessary to allude in passing. Very thin magnets are 
manufactured from clock-springs by cutting a long, thin strip of steel in the form of a very elongated rhombus and 
magnetising the cut portion by stroking it with another magnet, so that the poles are at the acute corners. Such a 
magnet forms the so-called magnetic needle so useful in navigation and in electric experiments generally. 

If a short, thick bar of steel be magnetised perpendicularly to its axis, " the transversely magnetised body so 
obtained has polar regions on the two sides of its bounding surfaces." If the length of the bar be excessively small, 
a plate with poles at opposite points of its circumference is produced. A steel ring can be magnetised to have 
poles at opposite ends of a diameter. If a rod be strongly magnetic at both ends, and the length of the rod in the 
direction of the axis sufficiently reduced, a plate which has a distribution of magnetism on each face is produced. 
This gives rise to the "magnetic shell." In this case the lines of force proceeding from one face bend round, 
embrace the rim of the plate, and reach the other face, where they terminate. A long bar-magnet may be regarded 
as consisting of a succession of magnetic shells placed face to face, all the faces of one kind being turned in the 
same direction. 

§25. The Horse-shoe Magnet. 

Seeing the effects produced by bar-magnets are most marked at the ends where the lines of force are most 
numerous, stronger fields are secured by bending the bars into the form of horse-shoes, and so approximating 
the ends. In the horse-shoe magnet the ends are filed to make their terminal faces lie in one plane ; the bar being 
magnetised along its whole length. The power of the horse-shoe magnet is increased if the magnet is made of thin 
steel plates separately magnetised. 

If such a magnet be supported vertically with its ends upwards and a lines of force picture formed on a sheet 
of paper with iron-filings held immediately above it, a figure similar to that seen at Fig. 2, Plate lv., will be obtained. 

The lines of force picture produced by the horse-shoe magnet is given at Fig. 2, Plate lv. 

In the median plane of the magnet the lines of force proceeding from the ends n and s of the horse-shoe are 
closely crowded together, while in the space between the limbs of the horse-shoe they pass by nearly the 
straightest and shortest paths. Beyond this space the lines are bent out into wider and wider arcs ; those pro- 
ceeding from the outer portions of the ends extending to the more remote parts of the field. As the bend of the 
horse-shoe is reached, the lines of force proceeding from the body of the magnet are diminished in number. Finally, 
the lines run parallel to the bend, where very little force is exerted upon them. The bend thus forms the 
% * indifferent zone " of the horse-shoe magnet. 

In the case of compound magnets, where the magnetic forces are strong, the lines of force can be traced not only 
in a plane, but in three dimensions. The lines of force can also be fixed by stirring iron-filings into a warm solution 
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of gelatine and placing the poles of the horse-shoe magnet in the solution. When the gelatine cools and hardens 
a transparent lines of force model is produced. 

$26. The Electro-Magnet 

This particular form of magnet consists of a bar of soft iron (frequently bent horse-shoe fashion), placed within 
an extensive coil of insulated copper wire through which an electric current is passing. The combination confers 
greatly increased strength on the magnet ; the powers being augmented in proportion to the length of wire in the 
coil. The electro-magnet is especially useful where interrupted or alternating currents are a desideratum, as it affords 
fadhties for rapidly inaugurating and breaking the electric circuit. It is employed in the telephone, the telegraph, 
in wireless telegraphy, and in the arts generally. 

§27. Magnets with One Degree of Freedom. 

Hitherto the magnets producing the lines of force pictures have been fixed. It is now necessary to consider 
cases where the axis joining the poles of the magnet is free to rotate in a horizontal plane about its middle point, 
as in the magnetic needle, where one degree of freedom is permitted. Naturally, the axis of a magnet can occupy 
an infinitely great number of positions. 

In the case of the horse-shoe magnet " one degree of freedom " is given by suspending the magnet by a thread 

(previously untwisted) attached to the centre of its curved portion or bend. In the bar magnet (say the magnetic 

needle) the same result is obtained by suspending it at its middle portion by a single untwisted fibre of silk, or setting 

it centrally on an agate point, which enables it to swing freely in a horizontal plane. The bar-magnet so poised, and 

free to move in a horizontal plane, points, when left to itself, north and south with its poles. When a magnetic needle 

is deflected or disturbed it makes smaller and smaller vibrations until it attains its position of rest ; the one 

pole pointing to the north, the other to the south. The end of the needle rubbed with the north pole of an 

existing magnet becomes a south pole and vice versa. 

" The lines of force have, at every point, a determinate direction. The north pole (N) of a fixed magnet always 

xepeb the north pole (n) of a movable magnet along the lines of force proceeding from N. The south pole (S) of a 

fixed magnet always attracts the north pole (n) of a movable magnet along the lines of force proceeding towards S." 

Contrariety of direction is conveniently indicated by a plus sign ( + ) for the positive direction, and a minus 

sign ( — ) for the opposite or negative direction. 

If we inhabit the northern hemisphere of the earth it will be necessary to reckon positively the force exerted 
upon a north pole placed in the magnetic field. " In all magnets the lines of force issue from the north pole and 
pass through the field to the south pole, where they re-enter the magnet." 

The so-called compass-needle is free to move in a horizontal plane, and also to dip vertically at either end. The 
horizontal or declination movements indicate the position with regard to the poles of the earth ; the dip, the 
position with regard to the equator or central region of the earth. The magnetic needle is the essential portion of 
the mariner's compass, and enables the mariner to ascertain his position on the earth's surface. 

" Generally speaking, the further we go north or south from the equator the more markedly does the magnetic 
needle point downwards, the dip increasing with the latitude. In the northern hemisphere it is the north-seeking 
pole that points downwards ; in the southern hemisphere it is the south-seeking pole. In the neighbourhood of 
the equator the earth is encircled by a line, at each point of which the needle sets itself horizontally, so that the 
angle of dip is zero. This line is called the ' magnetic equator,' and is not coincident with the geographical 
equator. There are also points, one in the northern and one in the southern hemisphere, where the direction of 
the dipping needle is exactly vertical. From the analogy to artificial magnets, these are called the ' magnetic poles 
of the earth.' They do not coincide with the geographical poles. The north magnetic pole is in 70.5° north 
latitude and 98.5° west longitude from Greenwich, a point in the North American Archipelago ; the south mag- 
netic pole is about 74° south latitude and 148° east longitude. The line joining these poles does not pass exactly 
through the centre of the earth. . . . The magnetic equator is continuously shifting from east to west, and with it 
the whole system of isoclinic lines, the angle of dip throughout Europe gradually decreasing. The total magnetic 
force or intensity at any given place is also changing ; at some places it is becoming greater, at others it is 
becoming less." 

§ 28. The Compass. 

"If the declination is known for any given place, we may conversely use the magnetic needle to determine 
the direction of the geographical meridian, and hence the ' four points of the compass.' A form of declination- 
needle convenient for this purpose is the so-called compass-needle. The needle moves over a circle divided into 
VOL. I. ? 
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360 degrees or (for miners) into twenty-four hours or (for seamen) into thirty-two points. The points corresponding 
to north, south, east, and west are generally marked more conspicuously than the rest. The instrument is enclosed 
in a case, and is furnished with a contrivance, called an arrestment, which serves to lift the needle off the point when 
not in use. 

" To the Italian, Giovanni Gioja, is due the device of attaching the needle to a divided circle, or a disc marked with 
the thirty-two points, thus producing the compass so indispensable at sea. The needle (or system of needles), with 
the disc attached, turns upon a fixed point within a case, which is closed by a glass plate. A fixed mark within 
the case gives the direction of the ship's head. Since the graduated disc is always maintained in the proper orienta- 
tion by the needle attached to it, the steersman can read off immediately on the graduations the direction of 
the ship's head, that is, the direction in which he is steering. The compass usually hangs in a system of movable 
rings (Cardani's suspension), and its graduated disc floats upon alcohol, so as to be as little influenced as possible by 
the oscillations of the ship." 

The earth itself is a great magnet, with north and south poles, in which the lines of force are aggregated. It 
has also its magnetic field and indifferent zone. 

" The intensity of the earth's field is least in the neighbourhood of the equator, and becomes greater towards 
the poles, though not according to any regular law. The places where the magnetic force is a maximum are not 
situated at the poles, but at some distance from them. The earth is thus seen to be an irregularly magnetised body. 
The variations of intensity or ' total force ' may be indicated by means of curves such that for all points on any 
one curve the ' total force ' is the same. These are called tsodynamic lines. . . . We must picture the lines of force 
as emerging with considerable density in Victoria, South Australia. At greater distances from the south pole 
(magnetic north-seeking pole), lines of force also emerge from the earth, but less thickly, and with a component 
of direction towards the north. Still further northwards we come to the indifferent zone of the terrestrial magnet, 
which is a somewhat broad band running equatorially round the earth. After this there are regions where the 
lines of force from without re-enter the earth, somewhat few at first, and nearly horizontal in direction, but always 
denser and more nearly vertical as we approach the north magnetic pole, which has the polarity we have called 
south-seeking. Finally, when we reach this point, in the North American Archipelago, the lines of force have some- 
thing like their greatest density of distribution, and run vertically downwards into the body of the earth" 
(Plate lv., Fig. 5). 

The magnetic field of the earth comprises all the space surrounding our planet, so far as we can detect in it 
any magnetic influence. The portion of the field best known to us is the earth's crust and its atmosphere. The 
earth affects neighbouring heavenly bodies and ordinary magnets, and is affected by them. There is reciprocity 
as between the heavenly bodies and our planet. Matter and force are continually acting and reacting on each other 
directly or indirectly at near or remote distances. The magnetic field of the earth is not constant, but is subject 
to periodic variations. It is convulsed by sudden changes of condition, and is slowly and progressively altering 
its distribution. In the variations of the field we can recognise the influence of astronomical events, so that 
there would seem to be magnetic lines of force connecting our planet with other worlds. The knowledge of this 
fact gives to magnetic forces a universal interest and significance. 

" Very closely connected with the earth's system of magnetic lines of force are the luminous phenomena which 
at certain times produce an illumination of the upper layers of the atmosphere in both polar regions, often on a very 
magnificent scale. They are a direct visible expression of the magnetic condition of the earth, and are so especially 
related to the variations of this condition that they were justly called by Humboldt ' magnetic tempests ' (magnetische 
Ungetvitter). When a magnetic storm passes over the earth, and the magnetic needles are set trembling, the lights 
at the northern and southern poles, at no time quite extinguished, become especially brilliant. . . . The best known 
are the * northern lights ' or ' southern lights ' (aurora borealis or australis), and consist of luminous streamers which 
flicker unsteadily to and fro, passing downwards from the higher and more rarefied regions of the atmosphere, and 
vice versd" l 

It is not necessary to pursue the subject of inorganic and organic electricity further ; suffice it to say that, as 
the circle of the sciences widens, it becomes more and more apparent that it is not possible absolutely to separate 
the inorganic and organic kingdoms either as regards their matter or their force. They merge and blend at 
innumerable points, and practically the same laws control both. The organic kingdom is indebted for its substance 
and not a little of its force to the inorganic, and virtually the same constructions and movements prevail in both. 
These for the most part consist of radiating, concentric, curve, and spiral arrangements and movements seen in 
plants and animals and parts thereof. 

1 The above quotations are from Professor H. Ebert's recent work, " Magnetic Fields of Force," translated by C. V. Burton, D.Sc 
London and New York, 1897. 
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It followB that dead and living matter exhibit, for the most part, a community of structure and movement. 
There is an obvious sympathy fcs between the inorganic and organic kingdoms. The subjective organic finds its 
correlate in the objective inorganic. 

The inorganic and organic kingdoms are adapted to each other. The eye and the light are made for and are 
physiologically the counterparts of each other. The same is true of all the sense organs, and the objects on which 
they act. There would be no need for eyes, ears, taste, smelling, and touch bodies in animals if there was no light, 
and no sounding, smelling, sapid, and extraneous substances outside the animals. Similarly, the inorganic and 
organic movements, if not co-ordinated, would clash, oppose, and nullify each other. In nature the law of " least 
action" is always at work, and neither in the inorganic nor organic kingdoms is matter or energy ever wasted. 
The phenomena of heat, light, magnetism, electricity, &c., are not confined to the inorganic kingdom. Plants 
and animals both generate heat, and animals also generate electricity. 

It thus happens that the living plant and animal are in sympathy with everything around them. The in- 
organic and organic kingdoms and physical and vital force reciprocate to quite an extraordinary extent, and prove 
very conclusively that the universe is to be considered as a whole. The science of optics supplies us with the 
microscope and telescope, and these in turn enable us to perceive and study infinitely minute near objects, and 
infinitely vast distant objects : the electric telegraph not only connects all parts of the earth physically — it also 
connects nations with common aims mentally, and, in a sense, enables them to annihilate time and space : the tele- 
phone and wireless telegraphy permit them practically to speak into space and be heard and understood thousands 
of miles away ; and the phonograph literally enables them to embalm and preserve for long ages and future genera- 
tions the human voice even to its most subtle inflections. In this way even the dead speaketh. The reciprocation 
here alluded to is traceable to an intelligent Creator or First Cause, Who correlates and co-adapts everything, living 
and dead. The palpable design everywhere apparent in the universe negatives the idea that anything organic or 
inorganic exists by chance. 

Everything had to be created according to a preconceived plan, and all the parts of the inorganic and organic 
kingdoms had to be adapted to each other. The inorganic came first, then plants, then animals, and lastly man. 
An atmosphere and soil had to be prepared for plants ; and an atmosphere, soil, and plants for animals. An 
atmosphere and soil were required for the leaves and roots of plants, plants had to be produced for the food of animals, 
and plants and animals were both necessary for the sustenance of man. A habitation and pabulum were required 
for plants and animals, and special plants and animals had to be formed, and adapted to meet the exigencies of certain 
external conditions, at particular periods. 

This necessitated the gradual cooling of the incandescent young earth, the preparation of various subtle gases 
and fluids, the slow formation of soil and other solids, &c. The more simple plants and animals were necessary to 
the existence of the more complex ones, and physical and vital changes followed each other in an endless but well- 
ordered sequence until the universe, as we know it, was evolved. At no point in the great evolutionary process 
has the Master-Builder's plan broken down. That, notwithstanding all that has been said of late years to the con- 
trary, is sound in warp and woof. It is impossible, even by a stretch of the imagination, to regard the universe as 
a chance product. 

§29. Magnetism, Electricity, Light, Heat, and Motion Correlated. 

The universality of magnetism, electricity, light, heat, and motion in the world necessitates a brief considera- 
tion of these subjects. They all are the outcome of law and order, and, as such, afford important testimony of 
Design and of the existence of a Creator or First Cause. If it can be shown that the subjects referred to all hang 
together and are inorganic in their nature, and if, further, it can be demonstrated that they occur also in the organic 
kingdom, and that the inorganic and organic kingdoms have much in common and are correlated, it goes without 
saying that the great fabric of the universe is a designed whole, and the product, not of chance, but of an 
Intelligent Designer. When in every direction in the inorganic and organic kingdoms law and order, and only law 
and order, can be traced, and when it is seen that everything inorganic is carefully adapted to everything organic 
and vice vcrsd ; the most perfect correlation and co-adaptation being, in every instance, scrupulously carried out ; 
it is next to impossible to ignore the manifestations of Intelligence which everywhere present themselves. This 
condition of things acquires additional significance when it is pointed out that the lines of force produced by the 
action of natural and artificial magnets and electricity on iron-filings resemble in their general arrangement, and even 
in their details, similar lines of force employed in the formation of crystals, plants, and animals ; the lines of force 
explaining in large measure not only the structure of crystals, plants, and animals, but also the chief movements 
of the two latter. If law and order were confined to the inorganic and organic kingdoms respectively, there would, 
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even then, be cumulative proof that a Creator produced both kingdoms , but when it is found that the two kingdoms 
dovetail into each other and interact at innumerable points, and are, in the widest and fullest sense, complemental 
as regards their matter and much of their force, then the proofs of a First Cause, a Sustainer, and Regulator are, it 
appears to me, indefinitely strengthened. 

In considering magnetism, electricity, heat, and light we have to deal with the movements of the atoms 
and molecules of matter, and of the ether which pervades space. Magnetism, electricity, heat, and light may be 
said to merge into each other. They are all forms of motion, and are best treated together. A knowledge of 
electricity is necessary to a comprehension of the others, and forms, in a sense, a preliminary inquiry. 

The precise nature of electricity is unfortunately not yet quite understood. Recent researches, however, make 
it all but certain that the old idea of an electric fluid must be abandoned. Electricity, there can be little doubt, 
does not flow as water and other liquids do. When an electric current passes along a wire, the transference is effected 
by continuous molecular action propagated within and outside the wire : the action extending to the atmosphere. 
There is a movement of the molecules of the wire, and of the molecules of the ether between and outside those of 
the wire in the atmosphere ; the latter constituting the so-called magnetic field. 1 Both sets of movements take 
the form of waves, and the molecules rotate as well as vibrate or pulsate : there are longitudinal wave and rotatory 
transverse movements. The molecular action is primarily between neighbouring molecules ; the remote molecules 
being affected secondarily. The movements are not those of fluids streaming steadily in a particular direction 
between the molecules, but vibratory wave movements of the molecules themselves in several directions ; the 
advance or transference being due to what is practically a system of percussion, one molecule acting on another in 
rapid succession not only in the wire but throughout space. The molecules have a vibratory progressive wave 
movement in the aggregate. They have also transverse, rotatory, and, some think, spiral movements individually. 
Each molecule has an environment to which it is confined, but the molecules as a whole have movements apparently 
co-extensive with space. 

Professor Trowbridge of Harvard University, in his work, " What is Electricity ? " 2 points out that when fluids 
or compressed air are made to flow through tubes there is no disturbance outside the tubes in the surrounding 
medium ; a magnetic needle placed outside the tubes not being affected. It is otherwise when a current of electricity 
is passed along a copper wire. In this case, when a magnetic needle is placed in the vicinity of the wire it is 
disturbed or deflected, showing that the atmosphere outside the wire is involved. The conducting wire is surrounded 
by an atmospheric magnetic field, which influences substances placed in it. While it is convenient in popular 
parlance to speak of the flow of electricity, and of electrical currents, it is necessary to make a distinction between 
the passage of fluids in the ordinary sense and that of electricity. In electrical transferences it is the ether prin- 
cipally which is concerned. That ether exists is all but proved by the transference of energy in magnetic in- 
duction. When an electric current is sent through one circuit it begets a current in a neighbouring circuit. The 
energy which disappears in the exciting current reappears in the induction current, and must have existed in the 
space separating the currents during the transference. A medium of some kind (believed to be ether) is necessary 
to convey the energy through the intervening space in question. The phenomena of light also involves the existence 
of a medium. 

" The old fluid theories implied that when a body was electrified it had something upon it which was called 
electricity. According to the modern views, we regard the ether around the body as charged with energy which is 
the result of the work we have done in charging the body. This energy in the ether is the energy of motion. 
There is a state of strain in the ether which we term a polarised condition. Around a positively charged body this 
polarisation has a certain direction and a certain amount. With a negatively charged body this polarisation is 
in an opposite direction. It is suggested that these polarisations may be like right-handed and left-handed 
rotations or twists. When we electrify a conductor we store up energy around the conductor in the ether. The work 
we do is spent in changing the state of the medium. When a body is discharged, the medium returns to its original 
state, and the energy is dissipated as heat in the electric spark or as heat in the conductor. The electric current 
is therefore the manifestation of energy in the ether along the wire through which the current appears to flow. The 
consideration of the rotation of the plane of polarisation of light by magnetic force led Maxwell to a theory of 
magnetism which is called ' the hypothesis of molecular vortices.' Since there is good evidence for the belief that 
there is some kind of rotation going on in the magnetic field, Maxwell investigated the condition of motion which 
exists when a great number of very small portions of matter rotate on their own axes, these axes being parallel to 
the direction of the magnetic force. The motion of these vortices does not sensibly affect the visible motions of 
large bodies, but it can be supposed to affect the periodic motion of the medium which constitutes the phenomena 

1 Sellmeyer in 1872 expressed his belief that the ponderable atoms vibrate, but with much smaller amplitude than the ether particles. 
* International Scientific Series. London, 1897. 
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Fkj. 23.— Diagram of telephone (after Trowbridge). 



we call light. According to this theory, the displacements of the ether will produce a disturbance of the vortices, 
and this disturbance of the vortices can be supposed to react on the ether, and in this way can affect the pro- 
pagation of light." * 

If a Leyden jar be discharged through a great circle of wire placed in one room, electro-magnetic waves can be 

sent through brick walls and detected in another room by the sparks excited in a similar circle of wire connected 

with a second Leyden jar. The electro-magnetic waves undulate in the direction of their length ; they also 

undulate athwart the path of the wave's advance. " The ether, though homogeneous and continuous, may be, as 

regards its density, rendered heterogeneous by motion (* Hypotheses of Vortex Molecules,' by Lord Kelvin). Magnetic 

influence on light indicates a rotational motion of the media when magnetised. This motion does not imply a 

dissipation of energy." No substance cuts off the lines of magnetic force : they pass through wood, stone walls, 

copper, and all metals. Ether transmits transverse vibrations to very great distances without sensible loss of 

energy. Ordinary atmospheric air can transmit waves of sound which move to and fro in the direction in which 

they are propagated. It cannot, however, transmit waves of heat, light, and electricity, which require transverse 

vibrations and the presence of ether. A good illustration of heat and light waves is obtained by throwing a 

stone into a placid pool of water. The waves spread in ever-widening circles from the centre of disturbance, and 

indicate the direction of progress. They have also a vertical movement at right angles (transverse in character) 

in addition to the spreading movement. 

As there is no limit to space, and ether (or its equivalent) occupies all space, electrical and other movements 
are propagated to all parts of the universe, and hence the possibility 
of wireless telegraphy, which is mainly due to molecular vibrations and 
pulsations of the ether in space. The same is true of the telephone, 
where the vibrations are originally produced by the vocal chords 
(human voice) or other sounding bodies. The vibrations are, in the 
first instance, conveyed to a thin vibrating disc, which, having to -and - 
fro movements communicated to it, causes the molecules in space to 
react upon each other in waves to a practically unlimited extent. The 
vibrations generated in one locality can be collected by a duplicate 
vibrating disc in another, with the result that messages can be trans- 
mitted incredibly long distances. 2 This extraordinary achievement is only possible when there is unlimited matter 
and motion : any breach of continuity either in the matter or the motion would be fatal to the principle and 
practice of wireless telegraphy and telephony. The telephone, a sketch plan of which is appended (Fig. 23), is 
an instrument based entirely on Faraday's discovery of magnetic induction. It was discovered by Professor 
Graham Bell, who has acquired a great reputation as an authority in the physics of sound. 

The electric telegraph (discovered before the telephone by Morse and others) acts on essentially the same 
principle as the telephone. Both transmit messages by means of electro-magnets and insulated wires ; the earth 
in certain cases acting as a return wire. Dynamo machines, electro-magnets, and insulated wires perform the 
bulk of electric work. Electricity, like heat and light, as already indicated, is regarded as a form of motion ; 
the only difference between electricity, heat, and light consisting in the length of the waves. The waves of heat, 
for example, approximate to those of electricity, and are longer than those of light. " All space is filled with 
a medium which transmits electro-magnetic waves to us from the sun." The sun, which is the source of the 
electro-magnetic waves, has been compared to an enormous electrical furnace, consisting of a mass of molten metals 
where carbon is freed from its impurities, and the metals driven off in vapour. The presence of oxygen in the sun 
seems necessary to account for the exceeding splendour and brilliancy of that magnificent orb. Faraday and Dewar 
have shown that oxygen is strongly magnetic. 3 

" We have already strong grounds for believing that we live in a medium which conveys to-and-fro or periodic 
movements to us from the sun, that these movements are electro-magnetic, and that all the transformations of light 

1 Trowbridge, op. cit. pa 264, 265, 272 and 273. 

8 As to the distance which may be covered by wireless telegraphy the annexed report by Signor Marconi's assistant in the Scotsman of 
March 12, 1907, is at onoe instructive and impressive : — "Nine years have passed since the writer became assistant to M. Marconi at the first 
modern wireless telegraph station. The distance over which messages were transmitted was not great, only atwnit 14 miles, but the transmission 
was regular, if slow, and suffered but little from interruptions. Previous wireless systems, such as those of Morse. Lindsay, Willoughby-Smith, 
Stevenson, and Preece, had been based on different principles, and had never attained to distances al>ove a very few miles. (J rent distance is now 
a matter of so little notice that few |*ople are even aware that there are at least a dozen wireless stations in different j»arts of the world whicli 
maintain regular telegraphic communication with others which are over a thousand miles off. The Atlantic Ocean is 3000 miles wide, but 
the great Cunarders are never out of direct touch with either England or America. Panama is connected directly with Manhattan Beach, 2170 
miles distant, and recent results show that Boston, though 3000 miles off, will 1m; very shortly in permanent communication with Machrihanish, 
in Kintyre." 

* Oxygen is said to constitute the largest jwrtion of the solid and liquid substances of our planet so far as we know it ; and nitrogen is 
by far the predominant constituent of our atmosphere. 



T<J^ 



118 DESIGN IN NA 

and heat, and indeed the phenomena of life, are due to the electrical en ^i*gy which comes to us across the vacuum 
which exists between us and the sun — a vacuum which is pervaded by the ether, and which is a fit medium for 
the transition of the electro-magnetic waves." 

Clerk Maxwell propounded a great generalisation known as " the electro-magnetic theory of light." Accord- 
ing to him all the phenomena of electricity, heat, and light are manifestations of electrical energy. Electricity under 
certain conditions produces heat and light, and motion in turn produces all three. Electricity, heat, and light 
can be produced by friction or the rubbing of certain substances together. The trituration of even two pieces of ice, 
as Tyndall showed, generates enough heat to partly melt the ice. Count Rumford boiled water by rotatory and 
other movements as apart from fire, and Faraday demonstrated that a soft iron bar could be magnetised if placed 
within a coil of insulated copper wire through which an electric current was flowing. In such a case, the degree 
of magnetisation is increased by lengthening the coil of wire. 

These various transformations afford examples of the conservation of energy ; the direction of the energy 
being altered, while the energy itself is not dissipated or destroyed. One of the best examples of this great law is 
the formation of coal and the burning of it in the production of steam ; steam being, until lately, the chief generator 
of electricity as employed in the arts for propelling machinery, tram-cars, &c., and for producing artificial lighting. 
The sun's rays (electro-magnetic in character) were required to grow the great tree ferns and other rank vegetation 
in the carboniferous era. The great tree ferns and their congeners lived, died, and were buried for long ages 
in the bowels of the earth. They were gradually transformed into coal, but the sun's heat and light, which 
originally assisted in the formation of the coal, though temporarily eclipsed, were not destroyed. The coal, when 
exhumed and burned, restores the heat and the light originally obtained from the sun, and can be employed in 
raising steam. Steam can be converted into motion, and motion into electricity, heat, and light. There is a 
cycle of apparently different results produced by one and the same cause. Electricity, heat, and light, as a matter 
of fact, are varieties of motion. 

Professor Faraday endeavoured to identify gravitation with electricity, heat, and light, but did not succeed, 
and at present we are wholly ignorant of the relations (if any) subsisting between gravitation and the 
others. 

There are those who endeavour to explain gravitation by movements occurring in the ether. They regard the 
ether as a vast ocean, with a definite tide, moving throughout space ; the ether passing through the sun and the 
planets with more or less difficulty ; its motion forcing the particles of matter together. The ether, as already 
stated, is believed, and not unnaturally, to be the means by which the waves of electricity, heat, and light are 
conveyed to us by the sun. 

While Faraday failed to explain the nature of gravitation, he conferred untold advantages on what he regarded 
as cognate subjects by discovering induction and the conversion of motion into electricity. Whereas magnetism 
originally led the way to a knowledge of electricity, electricity, in turn, has thrown much light on magnetism. 
Weber and others have sought to explain the nature of magnetism by the so-called molecular theory. They 
suppose that the molecules of a bar of iron form small magnets which, when the bar is unmagnetised, point indis- 
criminately in all directions, but when magnetised certain of them point in a definite direction. The theory holds 
good up to a point, but does not quite explain the action of magnetism on light, which compels us to assume a 
medium between the molecules, and to attribute rotatory or vortex movements to it. " There are not only 
attractive forces between the molecules of the iron, but also rotatory motion in the medium within and around 
the magnet." 

Since the discoveries of Professor Oersted in 1820, the chief interest has centred in the magnetic field or medium 
in which the attracting bodies are placed. Prior to this, no notice was taken of the surrounding medium, " and 
one magnetic pole was considered to act upon another as if it were an action at a distance and not from point 
to point in the medium between the attracting poles." Investigators did not recognise the lines of force in the 
magnetic field, or the disturbance occasioned by them to a magnetic pole introduced into the field. They did not 
realise that the space around the earth is filled with lines of force which emerge and radiate from the north pole, 
and curve round, converge, and re-enter the south pole. The magnetic field or medium, and the lines of force 
pervading it, are now subjects for close scrutiny. " Faraday's great achievement was in his conception of the 
lines of force which emanate from a magnetic pole and stretch through the ether of space ; in his pointing out 
that the medium surrounding the wires carrying electric currents, and the medium in which magnets are situated, 
is in a state of strain ; that there is what he called an electro-tonic state of this medium. It was like a mass 
of quivering jelly — any movement at one point producing a quiver in all neighbouring points." 

Maxwell, in his great work on electricity, thus speaks of Faraday's conception : " Faraday saw lines of force 
traversing all space where the mathematicians saw centres of force attracting at a distance. Faraday sought the 
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seat of the phenomena in real actions going on in the medium ; they were satisfied that they had found it in a 
power of action at a distance impressed on the electric fluids." The theory of centres of force attracting at a 
distance was no doubt founded on the effects known to be produced by the heavenly bodies on each other. It, 
however, does not apply to molecular action. 

For some fifty years after Faraday's brilliant discovery of magneto-induction, attention was almost exclusively 
directed to the production of electric currents in one direction instead of interrupted or to-and-fro currents, such 
as are obtained by the rapid alternate thrusting and withdrawing of the north pole of a magnet into a spool of 
insulated wire. The interrupted currents are, however, the more varied and powerful, especially when the lines 
of magnetic force are made to quiver at high speeds. They can by means of a transformer convert a comparatively 
low electric pressure or voltage into an enormously high one. They can produce electric light, heat wires, and 
accomplish most, if not all, the work performed by the constant currents. The interrupted currents are daily 
becoming more important, from the great variety of work they are capable of performing. 

In order to convert interrupted or to-and-fro electric currents into constant currents flowing in one direction, 
a commutator is necessary. This is to the electric circuit what the eccentric is to the valves of the steam-engine 
when it lets on and cuts off the steam which gives continuity of movement to the piston and fly-wheel. The com- 
mutator is briefly a mechanical arrangement by the aid of which the free ends or terminals (electrodes) of wires 
conveying interrupted or alternating currents of electricity are transposed or crossed, with the result that the 
interrupted currents are converted into constant currents. 

Electric currents are peculiar in this : if the currents in two neighbouring wires are running in the same direc- 
tion, the wires attract each other ; if in opposite directions, they repel each other. In the case of magnetic poles, 
like poles repel and unlike poles attract. 

The production of electricity is not less interesting than its mysterious manifestations. It occurs as a natural 
product in the lodestone, the lightning, and in certain fishes ; notably the electric eel of tropical America, the 
electric rays, and the electric cat or sheath-fish. 

In the fishes, electricity is manufactured by special glands, and discharged in self-defence or attack. The 
discharge results in a shock like that obtained from ordinary electricity or from lightning. 1 In the case of 
the electric eel, according to Humboldt, the discharge is sufficiently strong to destroy a horse or other large 
animal. 
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The mode of production of atmospheric electricity is still sub judice. It has been ascertained not to be due, 
as was supposed, to the evaporation of water, although the friction of the particles of water against material 
substances can produce it. Thus, in Armstrong's electrical machine, where jets of spray are forced through nozzles, 
ft high state of electrification is obtained. The friction of dust particles is also a potent cause of electrification ; 
the tops of the Egyptian pyramids during sand-storms being strongly charged. 

Electricity is produced artificially in many ways — for example, by the action of certain fluids on different metals, 
as in galvanic batteries — that is, when two dissimilar metals are connected by a wire and immersed in a 
liquid that acts upon one of them ; by heat, when two dissimilar metals are mechanically joined and heat is applied 
to the junction ; by friction, when a warm glass rod is rubbed with dry silk. The most common form of artificial 
electricity is that produced by the aid of the dynamo machine, which is driven by steam-engines, petrol-engines, 
or water running at high velocities. The modern dynamo consists of a number of wire coils arranged on a 
rapidly revolving shaft surrounded by fixed pieces of iron, around which the currents formed in the revolving coils 
are made to circulate. The speed of the shaft, in some cases, exceeds one thousand revolutions per minute. 
" Currents of electricity are excited in a coil of wire passing rapidly near the poles of a magnet ; a current being 
excited in the coil in one direction by movement near a south pole, and in the opposite direction by movement 
near a north pole ; a commutator can be made to direct these opposite currents in the same direction through 
another coil." The electricity generated by the dynamo is carried away by wires, and used up or stored as desired. 
The electricity flows so long as the dynamo is at work, and is delivered at the extremities or electrodes of the wire. 

1 According to Trowbridge the bolt of lightning is not one continuous discharge, but is an interrupted, alternating current which pulsates 
to and fro ten or twelve times, or even more, in a millionth of a second. Photographs of powerful electric sparks lead one to conclude that a 
discharge of lightning makes way for its oscillations by first breaking down the resistance of the air by means of a disruptive pilot spark ; through 
the hole thus made in the air the subsequent surgings or oscillations take place. In lightning discharges high electro-motive force and great 
quantity are frequently combined in a very short interval of time. The study of the disruptive or oscillatory discharge of lightning is closely 
related to that of the brush discharge and the phenomenon of the aurora boreal is. 
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The dynamo can, in some cased, produce sparks five feet long, and these are believed to be identical with discharges 
of lightning. In some cases the time occupied by the oscillations of electric sparks is less than one ten-millionth 
of a second. " In lightning discharges high electro-motive force and great quantity are frequently combined in 
a very short interval of time." A diagram of a series dynamo is given at Fig. 24. 

Electricity, when made, can be stored by conducting it to a storage battery. " The storage battery or 
accumulator in its commonest form consists, before it is charged, of red oxide of lead with electrodes of lead. 
The oxide and the electrodes are suitably immersed in dilute sulphuric acid, and a strong current of electricity is 
sent from one electrode to the other. The oxygen resulting from the electrolysis of the water converts the red 
oxide of lead at the future positive pole of the battery into peroxide of lead and into metallic lead at the future 
negative pole of the cell. When the charging current is removed and the peroxide of lead pole is connected with 
the porous metallic lead pole, a current of electricity is produced, and the peroxide goes back to a lower oxide." ' 
There are other batteries where peroxide of lead and zinc are employed, and from which more powerful 
currents can be obtained. These have been advocated by Professor Main, and are known as zinc-lead storage 
batteries. 

The presence of electricity is detected by introducing a small bar-magnet (magnetic needle) or a galvanometer 

into the magnetic field. The magnetic needle is composed of a slender bar of magnetised steel suspended at its 

middle by a single fibre of untwisted silk, or set on an agate point, which leaves it free to move in a horizontal 

direction and also to dip at either end. This needle exhibits a north 

.^^-vi*, and south pole, and arranges itself in the direction of the poles of the 

fek^BfiaffiNa earth. It Bets or points towards a wire through which electricity is 

/jT\ J B-J lffS flowing, and is thrown into vibration by any electrical disturbances in its 

; 7 ^fc~&SS0 > \feh \ I vicinity. The galvanometer is a still more delicate and sympathetic in- 

,y l^jp — vRjpS^Tw^i " strument for detecting electrical currents. " It consists essentially of a 

i \ 1 \^ H^7^7 \ y£^T / °°'' or hobbin of wire like a spool of thread, with a tiny magnet hung by 

//3E5 iC^^Twr^^iQjF^* a 8 P' dor thread near one end of the spool." It shows that " electrical 
vl gfeSa *il^^0*~&\s^ !s~% actions pervade all matter, and that there are electric waves in the ether 
yj a j^w'lhtr *^ +— UN iT of space." It is in physics what the microscope is in anatomy and 

I *& * i physiology. By its use the faintest electrical currents are brought into 

— — F^ ?-* ■ ' prominence, and their strength measured. The galvanometer is provided 

with the lightest possible bar-magnet or needle with hair pointers at either 
FlO. 24.— Series dynamo, r, Revolving com- , 1.31 j * i* t i_-- wj 

mutator with segments (c) ; b, b\ brushes for end, a graduated scale, and two spools of thin insulated copper wire ; one 
taking off the electric current ; a, iron ring with en( j f the one S poo] being connected with one end of the other, i.e. they 
coils of wire connected with segments (c>of com- ..-■ 7, .111 .1, t ■ 

mutator (r.) ; », 9, field magnets with north and are connected in series, if one spool be placed on the stage 01 a micro- 
south poles. Positive electricity ( +} u °J>f»'»fd 8C ope bearing iron-fihngs on white paper, and the other spool be placed on 
at b, and negative electricity (-) at V. The £7 1 j * ■ ^l j t v 1. ^, ,. 

current is made to How round the field magnets a third spool made of coarse wire, the ends or which are connected with 
(», .), so ■> to make north and south pole*. a battery, a glance at the microscope shows that when the battery current 

is suddenly made or broken the iron particles vibrate, proving that currents 
of electricity are passing in the circuit of wire on the two connected spools. The current set up by the battery can 
at once be detected, and also in the wires and in the atmosphere investing the wires. " Any change in an electric 
current on a wire, any pulsation, causes instantly a similar pulsation in any neighbouring wire not connected with 
the first wire and placed parallel to it." 

The important part which electricity plays in the inorganic kingdom extends, as indicated, to the organic. 
Siemens exposed certain plants to the rays of electric light for long periods, with the result that he greatly facili- 
tated their growth. The effects of electricity as a curative agent, especially in nerve and muscular diseases, are well 
known. Electricity, there is reason to believe, plays a leading rdle not only in structural development, but also in 
functional processes and movements. 

Closely connected with electricity and light are the mysterious cathode, Rontgen, and other rays. These rays 
have marvellous penetrating powers ; photographs being taken by their aid through various solid substances, such 
as wood, metal, the tissues of the body, Ac. 

The waves of electricity travel with the velocity of light ; light attaining to the incredible speed of 185,000 miles 
per second. 

The discharges from a Leyden jar also travel at enormous velocities. Professor .Joseph Henry has shown that 
the discharge of a Leyden jar is oscillatory, and that induction effects are produced by remarkably small quantities 
of electricity. 

1 Trowbridge, on. olt, p, 112, 
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The cathode rays possess peculiar interest in relation to ether, electricity, light, phosphorescence, &c. The term 
cathode, which was introduced into electrical nomenclature by Faraday, is derived from the Greek Kara (down), 
and 0&09 (a way), and originated in the early belief that electricity flowed in a downward direction from the 
positive to the negative pole. The term is applied to the negative terminal of a battery or of a Ruhmkorff 
coil or transformer. The counter term anode is applied to the positive terminal. If the wires connecting the 
cathode and anode of a Ruhmkorff coil be imbedded in a small glass vessel, and the air in the vessel exhausted, it 
is found that when the coil is excited, and a high state of exhaustion reached, the cathode rays stream from the 
cathode in straight lines, and the vessel is filled with luminosity. There is apparently no connection between the 
cathode and anode, the rays from the cathode not seeking the anode. This seems proved by placing the cathode 
and anode above each other at the end of an exhausted tube. In such circumstances, the cathode rays hold on in 
straight lines to the opposite end of the tube, and do not bend round to the anode. It is not quite certain whether 
the luminosity produced is wholly electrical, or, as Sir William Crookes suggests, partly due to the impact of molecules 
of the gas on phosphorescent substances which emit light, which results in bombardments of the electrodes on the 
walk of the containing vessel. In the extraordinary light effects produced by currents of high frequency " we have 
to do with an increased activity of the molecules of a rarefied gas, which is produced by the electrical energy stored 
up in the medium near the electrodes. The cathode rays may be considered as a radiation of electric energy, 
which is made visible in rarefied media, and which can also be detected outside such media. The visible trans- 
formation of electric energy from the electrode, termed the cathode, can be made to pass through metal walls, and 
can be seen outside those metal walls. The cathode rays can be made to pass through substances which are 
entirely opaque to ordinary light. Thus, they can be made to pass through sheets of aluminium, gold, silver, and 
many other opaque materials which entirely cut off ordinary light. The cathode rays spread in all directions. They 
excite phosphorescent bodies, such as uranium glass, to a brilliant glow, and blacken photographic plates. No 
heating effect of the cathode rays has been detected." 1 

According to Lenard, ether is the medium by which the cathode rays travel and in which they manifest their 
peculiar phenomena. This follows, because in tubes where the exhaustion is pushed to an extreme, and where 
the vacuum is nearly perfect, the cathode rays cannot be produced, and all electrical manifestations visible as 
light disappear. 

Scarcely less interesting than the cathode rays are the Rontgen or X-rays discovered by Professor Rontgen. 
These rays will pass through several inches of wood and thin layers of aluminium. They are, however, almost entirely 
intercepted or cut off by layers of glass or silver. 

Rontgen, by the aid of the X-rays and by employing ordinary dry plates, has been able to take photographs 
through wood and the soft tissues of the body ; the rays, because of specific absorbing powers, distinguishing between 
the soft and hard parts and revealing the skeleton. He is of opinion that the X-rays are excited either in the glass 
walls of a Crookes tube, or in the media outside the tube by means of the cathode rays. 

The Rontgen rays are rendering immense service to surgery, as they enable the surgeon to photograph not only 
the bones of the body, but also foreign opaque substances, such as bullets, needles, pins, portions of glass, &c, 
accidentally lodged in the soft tissues. Already the bones of the arms and hands, the legs and feet, the chest, pelvis, 
and backbone have been photographed. Even the heart has been shadowed forth, and some are sanguine enough 
to believe that by and by the whole internal economy of the living body will be revealed by Rontgen ray and 
similar photographic processes. The late Professor Sir J. Y. Simpson, of Edinburgh, expressed his confident belief 
that the day would come when the whole living human body would, by means of electrical or other light, be rendered 
diaphanous or transparent, and so exposed to the gaze of the anatomist, physiologist, physician, and surgeon. 
This would be a notable advance in another, though not wholly different, direction. 

The Rontgen rays pass more readily through the flesh than through the bones and denser parts, and the hope 
is entertained that the rays may ultimately be made to discriminate between the softer and harder tissues, and provide 
graduated photographs. 

It is difficult to say whether the Rontgen rays are due to radiant matter streaming from the negative pole 
(cathode) or to longitudinal waves of electricity. 

According to Maxwell's electro-magnetic theory of light, only transverse waves are set up in the ether ; longi- 
tudinal waves being absent. According to the electro-magnetic theory of Helmholtz, both transverse and longi- 
tudinal waves are present. The Rontgen rays are probably identical with the longitudinal rays postulated by 
Helmholtz, and which travel with incredible velocity. Rontgen himself inclines to the longitudinal wave theory. 
D. A. Goldhammer 2 supports the hypothesis that the X-rays are ordinary transverse vibrations of the ether analogous 

1 Trowbridge, op. cit. pp. 281, 282, 283. 
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to, or identical with, ordinary ultra-violet light, with the difference that the wave lengths of the X-rays are very 
greatly reduced as compared with those of any ultra-violet rays hitherto observed. It is just possible that the 
Rontgen rays are cathode rays modified. 

In order to obtain good Rontgen ray photographs, a high electro-motive force is necessary, and the exhaustion 
of the air must also be carried to a high pitch. It is all but certain that the radiations which characterise the Rontgen 
rays proceed from the solid body upon which the cathode rays impinge. " One of the most successful forms of 
Crookes tubes for producing the Rontgen photographs is the so-called focus-tube. The method of studying the 
effects of the X-rays by means of fluorescent screens is more expeditious than that of photography. A fluorescent 
screen is simply a sheet of pasteboard covered with a fluorescent substance. Edison has discovered that crystallised 
tungstate of calcium is highly fluorescent. A pasteboard covered with this substance forms the closed end of a 
box into which one looks, the hand or limb being pressed against the outside of the pasteboard screen, the 
fluorescent substance being on the side at which one looks — that is, inside the box. By means of such a fluoroscope 
one can see the shadow of one's hand after the X-rays have passed through several doors, and at a distance 
of at least fifteen feet from the Crookes tube. Sensitive photographic plates are fogged through brick walls a 
foot thick." 

The cathode and Rontgen (X) rays, mysterious and inexplicable as they are in many respects, find a parallel 
in the extraordinary N-rays, as described in 1904 by M. Jean Becquerel to the French Academy of Sciences. 
The N-rays are emitted by human and other living bodies, and also by certain inanimate substances, in particular 
by metals. Animals put under chloroform, it has been ascertained, cease altogether to emit the rays — the 
emanation recurs when the effect of the anaesthetic has gone off. Death causes final cessation of the emission of 
the N-rays. Flowers, from which also the rays emanate usually, have been subjected to chloroform and likewise 
went to sleep, the emission ceasing, but recommencing after a time, presumably when the influence of the anaes- 
thetic had disappeared. This is a sufficiently remarkable phenomenon, but it is nothing to what follows. Similar 
experiments have been made with the inanimate substances which possess the property of giving out the N-rays, 
and it is averred that those substances behave exactly as do animate beings under the same conditions. That is 
to say, a metal emitting the rays in a normal state ceases to emit them when subjected to chloroform vapours. In 
short, anaesthetics will apparently cause metals as well as flowers and animals to sleep. It has yet to be deter- 
mined whether metals (to speak figuratively) can be killed permanently by the continued administration for a 
given time of anaesthetics and other poisons in the same way that plants and animals can. If M. Becquerel's 
statements be confirmed, justification in part will be found for them in the fact that quite a large percentage of. all 
the known elements (particularly the metals) is found in the bodies of plants and animals. 

The new theory involves questions of very considerable magnitude, namely, the nature and range of life. It 
will naturally be asked in the near future, Can the term life be confined exclusively to plants and animals, or must 
it be expanded to include certain so-called inanimate substances ? Hitherto, and by common consent, life has 
been regarded as forming the distinguishing feature between the organic and inorganic kingdoms ; the members 
of the organic kingdom living, feeling, and moving, those of the inorganic kingdom moving, but neither living 
nor feeling. While it will require much additional observation and experiment to establish the new doctrine, it 
would be premature at present to affirm that it is a wholly impossible doctrine. Like other new doctrines, this 
latest physico-physiological departure is on its trial, and will have to be corroborated by independent workers in 
kindred fields, and sufficient time allowed to test the accuracy of the theory in relation to known phenomena. 

Striking specimens of lightning, electric sparks, and cognate subjects are given in Plates xxix. to xxxiii. 
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The electric fishes are endowed with extraordinary powers, and deserve more than a passing notice. 

They are mostly found in tropical and sub-tropical regions, and although not numerous, are not confined to 
any one family of fishes. They are, moreover, not the exclusive product of modern times ; their fossil remains 
proclaiming them old-world forms. They are smooth-skinned — that is, they are not covered with scales as other 
fishes. The electricity which they generate in their bodies in every respect resembles ordinary electricity, and 
is completely under their control. They can discharge it in small or large quantity, and at pleasure, either in 
defence or in attack. In certain cases, and under provocation and excitement, the shock transmitted is sufficient 
to disable or even kill a man. The electrical organs are elaborate structures, and have a remarkably bountiful 
nerve supply. They have also an ample blood supply. The very numerous and large nerves extending between 
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the electric organs and the spinal cord and brain sufficiently account for the control the fish has over them, and the 
rich blood supply accounts for their high organisation and great activity. They are as completely under control as 
ordinary voluntary muscles, and many are of opinion that the electric and muscular systems have many points 
in common. 

The resemblance is traced in several directions : (a) in development ; from researches into the development 
of the electric organ of Torpedo it is supposed that the organ in question is developed from muscular substance ; 
(b) peculiar muscular organs, the functions of which have not been discovered, are found in the rays, Mormyrus 
and Gymnarckus ; (c) the electric organ and muscle behave similarly under the same circumstances. Thus, if the 
electric organ and muscle be exhausted, from whatever cause, they require rest and nourishment to restore them 
to their normal state. If strychnia be administered, a rapid succession of involuntary electric discharges is induced 
in the one, and tetanic convulsions in the other. If the motor nerves distributed to the electric organ and muscle 
be divided, the brain loses its initiating and controlling power : under such circumstances, artificial activity may 
be induced by irritating the peripheral cut ends of the nerves going to the electric organ and muscle respectively. 
The more healthy and vigorous the electric organ and muscle and their possessors, the more severe the shock given, 
and the greater the muscular force evolved. 

" All muscles evolve a constant stream of electricity, which may be shown by a multiplying galvanometer to 
pass from the long external surface, which is positive, to the transversely cut section, which is negative. . . . Du 
Bois-Reymond discovered that, like muscles, nerves possess an electric current, but much weaker, running from the 
longitudinal external surface, which is positive, to the transverse internal one, which is negative." 1 
The brain, as indicated, exercises supreme control over the electric organ and muscle alike. 
The structure of the electric organ varies somewhat in the several electric fishes. 

The electric fishes possessing fully formed electric organs, and which can gradually make, store, and give electric 
shocks of greater or less intensity at will, are the electric rays (Torpedinidw), the electric cat or sheath-fish of tropical 
Africa (Malapterurus), and the electric eel of tropical America (Gymnotms). 

The electric rays have been carefully described by Dr. Gunther as follows : " The electric organs with which 
these fishes are armed are large, flat, uniform bodies, lying one on each side of the head, bounded behind by the 
scapular arch, and laterally by the anterior crescentic tips of the pectoral fins. They consist of an assemblage 
of vertical hexagonal prisms, whose ends are in contact with the integuments above and below ; and each prism 
is subdivided by delicate transverse septa, forming cells, filled with a clear, trembling, jelly-like fluid, and lined 
within by an epithelium of nucleated corpuscles. Between this epithelium and the transverse septa and walls of 
the prism there is a layer of tissue on which the terminations of the nerves and vessels ramify. Hunter counted 
470 prisms in each battery of Torpedo marmorcUa, and demonstrated the enormous supply of nervous matter which 
they receive. Each organ receives one branch of the trigeminal nerve and four branches of the vagus — the 
former, and the three anterior branches of the latter, being each as thick as the spinal cord (electric lobes). The 
fish gives the electric shock voluntarily, when it is excited to do so in self-defence or intends to stun or to kill its 
prey ; but to receive the shock the object must complete the galvanic circuit by communicating with the fish at 
two distinct points, either directly or through the medium of some conducting body. If an insulated frog's leg touches 
the fish by the end of the nerve only, no muscular contractions ensue on the discharge of the battery, but a second 
point of contact immediately produces them. It is said that a painful sensation may be produced by a discharge 
conveyed through the medium of a stream of water. The electric currents created in these fishes exercise all the 
other known powers of electricity ; they render the needle magnetic, decompose chemical compounds, and emit 
the spark. The dorsal surface of the electric organ is positive, the ventral surface negative. 

" Of the genus Torpedo six species are known, distributed over the Atlantic and Indian Oceans ; three of them 
are rather common in the Mediterranean, and one (T. hebeians) reaches the south coast of England. They attain to 
a width of from two to three feet, and specimens of that size are able to disable by a single discharge a full-grown 
man, and, therefore, may prove dangerous to persons bathing. Other genera, differing from the Torpedo in the 
position and structure of some of the fins, are found in other tropical and sub-tropical seas, namely, Narcine, Hypnos, 
Discopyge (Peru), Astrape, and Temera. All, like electric fishes generally, have a naked body. 

" A large fish, of the general appearance of a torpedo, has been found at Monte Bolca ; and Cyclobatis, from the 
upper cretaceous limestone of Lebanon, is probably another extinct representative of this family." 

What is said of the electric rays is, for the most part, true of the electric cat or sheath-fishes, and the 
electric eels. 

The electric sheath-fishes occur not unfrequently in the fresh waters of tropical Africa, and of these three 

1 "PhyaiolcMnri General, Special, and Practical," l»y John Hughes Bennett, M.D., F.R.S.E., &c, Professor of the Institutes of Medicine, 
Unireraity of Edinburgh. 
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species are known — one of which (M . electricus) is met with on the Nile They grow to four feet or thereby. I had 
an opportunity of studying some fine specimens of the electric fish of the Nile at the Gezireh Aquarium, Cairo 
(1904-5), and, on one occasion, very many years ago, I received, at Edinburgh University, an electric shock from 
an electric fish from Old Calabar. It sufficed to excite the Calabar specimen slightly, and to put one's hand into 
the water in which it was swimming, whereupon one or more very distinct shocks would be felt, and, once felt, 
could never be forgotten. 

In the electric sheath-fish, the electric organ is not confined to one particular part, but extends all over the 
body, being most developed in the abdomen. It is contained between two aponeurotic membranes beneath the 
skin, and is composed of rhomboidal cells which contain a gelatinous substance of rather firm consistence. The 
nerve distributed to the organ forms an outstanding feature of the arrangement. It has its origin in the spinal cord, 
has no connection with nerve ganglia, and consists of a single enormously developed nerve trunk. In this it differs 
materially from the arrangement met with in the electric eel, where more than 200 separate nerves are distributed 
to the electric organ. 

The greatest of the electric fishes is the electric eel (Gymnotus electricus) of tropical America. It attains to 
as much as six feet in length, and, according to the famous traveller, Humboldt, is dangerous to man and beast. 
It occurs in great plenty in Brazil and the Guayanas. 

The astounding feature in the electric organs of the gymnotus is their enormous nerve supply. More than 
200 nerves are distributed to the organs, and the nerves are very much larger than the sensory and motor nerves 
going to other parts of the body. As the electrical organs are special, so, in a large measure, are the nerves distri- 
buted to them. The nerve supply consists of continuations of the anterior branches of the spinal nerves. They 
furnish branches not only to the electric organs but also to the skin and muscles of the back of the gymnotus. 

The electric organs take the form of two pairs of longitudinal bodies ; the one pair situated between the skin 
and muscles on the back of the tail, the other pair between the skin and muscles along the anal fin. They have an 
involved and intricate structure, consisting as they do of a numerous series of perpendicular and transverse septa, in 
the interstices of which are imbedded prismatic cells containing a gelatinous substance. The septa are separated 
from each other by about the thirtieth of an inch, measure an inch in length, and contain some 240 cells, which secure 
for the electric organs a simply enormous surface. 

It is difficult to realise how intimately related the electric organs of fishes are to those of ordinary electric 
batteries, and how certain living creatures should have been provided with an apparatus for manufacturing, storing, 
and discharging electricity, giving them a power over their victims, or mayhap enemies, not possessed by even 
man himself. 

The electric organs of fishes can only be regarded as special creations, as the sense organs are. It is incon- 
ceivable that they could have been evolved from any living structure in the remote past, or that they could have 
been produced by natural selection, into which the elements of chance and utility enter. The electric organs are 
massive and heavy, and, while they are eminently serviceable, when fully developed, to the electric fishes possessing 
them, no fish or series of fishes throughout the ages could have been burdened by them while undergoing a slow 
process of evolution, and while they were totally unfit for work of any land. Mr. Darwin was wholly unable to 
explain their existence, and keenly felt the strain they put on his theory of " natural selection." Indeed he is 
said to have experienced a cold shiver whenever confronted with what, to him, was an insuperable difficulty. 

§ jo. Lines of Communication and Force, Nervous and Otherwise. 

Every one who has studied vital manifestations must have been struck with the fact that in plants and 
animals — the simplest as well as the most complex — there are means of communication as between their several parts 
and particles, and as between each individual organism and the physical universe. In other words, there is a means 
of communication between the atoms and molecules of the cells and tissues of plants and animals on the one hand, 
and between the individuals themselves and their surroundings or environment on the other. 

The lines of communication in the lowest plants and animals are by no means well defined. Thus in the cell 
plants and animals — the yeast plant and amoeba, for example — where there is little differentiation, and where there 
is, so to speak, a common structure and a common function, every part of the individual seems capable of transmitting 
impulses either from within or from without. In these cases, the living mass is endowed with a power which 
enables it to grow, divide, reproduce itself, and move. Every part reacts upon every other part, and all are under 
the influence of life and vital and physical force. Every part of the individual displays a low form of sensitiveness 
or its equivalent, and this in turn involves a rudimentary form of cognition and consciousness. The sensitiveness 
connects the several parts of the individual with each other, and the individual as a whole with its surroundings. 
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A low form of sensitiveness, cognition, and consciousness is necessary to every independent organism, however 
rudimentary and minute. Without these the individual could not possibly maintain its place in nature. 

If an amoeba — which consists of a more or less homogeneous, jelly-looking speck — be examined under the micro- 
scope, it will be seen to move in every direction, to feel about for food, and when it finds it to throw its body over 
the food and convert whatever part of the body the food touches into a temporary stomach. Every part of the 
amoeba can discharge the aggregate functions of the individual. The movements of the amoeba are independent, 
deliberate, and purpose-like. They are controlled movements ; the control extending to all parts of the amoeba, 
and, within limits, to the matter on or in which the amoeba moves. 

In the lowest plants and animals, where there is little or no differentiation, and where every part virtually 

resembles every other part, the lines of communication and force, whatever they are, are of the simplest and most 

direct. The conditions which obtain are analogous to those which obtain in wireless telegraphy, where messages 

are despatched and received without the aid of wires or visible means of communication. That the messages in 

both cases are transmitted through matter in a state of vibration goes without saying. That the messages in both 

cases are transmitted in waves in more or less straight lines seems equally certain. As in wireless telegraphy 

obstacles such as buildings, stone walls, &c, do not prevent the transmission of messages, so in plants and animals, 

eren where differentiation occurs, and where heterogeneous substances are present, messages between the different 

parts of individuals and the outer world are possible. It would seem that wherever there is continuity of matter 

(not necessarily homogeneous matter) in the organic and inorganic kingdoms, messages may be sent and received 

in the absence of separate, independent, visible lines of communication, such as telegraph wires on the one hand and 

nerves on the other. 

There is reason to believe from recent observations that force travels in waves and in nearly straight lines, with 
a certain amount of similar lateral, branching wave movement. This is seen in the lightning flash, rendered visible 
by the aid of instantaneous photography. The movements of lightning are not, as was generally believed, simple 
zigzag, straight-line movements, as depicted by artists, but arborescent or branched wavy movements, where there 
is the central or main movement in a more or less straight line, and a great many similar branching, subsidiary wave 
movements. A flash of lightning, as revealed by instantaneous photography, resembles a tree with its branches, or a 
leaf with its midrib and subsidiary venation. 

The instantaneous photograph gives what is practically an analysis of the movements of lightning, and these 
movements are amongst the most rapid and striking in nature (vide Plates xxix. to xxxi. inclusive). 

If we regard lightning as one of the representative forces of nature, it is difficult to escape from the conclusion 
that all force, whether in the inorganic or organic kingdom, is primarily and essentially of the dendritic type — that 
is, power acting upon matter in one particular and main direction, and in lateral, branching, subsidiary directions. 
Such a view would very largely account for the general form of plants and animals, and for the major part of their 
details. It would also account for the main and subsidiary lines of communication in plants and animals. 

The nerves branch from the neurons, ganglia, and nerve cells found in the brain and spinal cord ; the arteries 
branch from the heart ; and the blood- and other vessels are laid down and formed in the dendritic tracts mapped 
out by the saps of plants and animals in the processes of development and growth. Fluids permeating matter tend 
to separate into streams, and this holds true equally of organic and inorganic fluids. It is also true of organic and 
inorganic matter. 

This community of force and of form in plants and animals, and in the universe, is in keeping with the origin 
and nature of plants and animals. Plants and animals derive all the materials composing them directly or in- 
directly from the external universe. They also derive a considerable proportion of the force which actuates them 
from the same source. If the life or vital force which characterises plants and animals were eliminated, the elements, 
or such of the elements as are incorporated in plants and animals, would in no way differ from similar elements found 
in the physical universe. The elements are common to the inorganic and organic kingdoms alike, and the so-called 
inorganic elements build up at the outset, and continue to circulate through, plants and animals so long as they 
continue to live. 

It is now known that masses of plant and animal protoplasm are connected to each other by the most delicate 
protoplasmic threads, requiring in many cases very high powers of the microscope to see them. These delicate, 
almost invisible threads, there is reason to believe, reveal the first traces of lines of communication along which 
force can travel in living matter. It is difficult to understand how the almost invisible protoplasmic threads 
referred to are formed, but they can scarcely be a product of mere viscosity, as in that case they would almost 
inevitably break long before reaching the extreme degree of tenuity which characterises them. 

Plants and animals are derived from cells, spores, and eggs, and the lines of communication and of force in 
many cases radiate from or converge towards a central point ; the point in question corresponding with the seat 
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of origin of the individual or with a centre developed during the process of differentiation. The ovum is the centre 
of the developing foetus — the brain is the centre or terminal of the adult vertebrate animal. 

While the shape of the plant and animal is determined to a large extent by the lines of communication and 
force, the latter in turn are dominated within limits by the former. Thus, in rod-like plants and animals the lines 
of communication and the direction of force are in straight lines ; in globular plants and animals with a central 
origin they are in straight lines and in curves, whereas in spiral plants and animals they are helical. 

In plants and in the lowest animals there is no trace of a nervous system as we know it, but a nervous system 
or its equivalent may nevertheless exist in both in an undifferentiated form. The fact that some of the lowest 
animals — the amoeba for instance, and certain of the higher plants, such as the sundew — can, and do, move in given 
directions, at certain times, and to definite ends, goes far to prove not only that there are lines of communication 
akin to nerve tracts, but that there are also controlling forces which move along these lines, resembling in many 
respects nerve forces. 

To trace the rise and progress of the nervous system in animals to its culmination in man is one of the most 
difficult problems in physiology. Animals which were long supposed to be devoid of a nervous system (the jelly- 
fish for example) are now known to possess it. The nerves in the jelly-fish are not only extremely delicate, but they 
are also very soft. The condition of fluidity or softness is characteristic even of the human brain, which is the 
highest representative of nerve substance. The brain, which transcends all other organs in power, is, strange to say, 
nine-tenths water. A little excess of softness in the nervous system of the jelly-fish would make the nerves so 
transparent as to be invisible. It follows from this that a fluid or semi-fluid nervous system in animals, and even in 
plants, is well within the possibilities. Certainly the movements and simultaneous power of feeling possessed by 
certain plants, and the majority of even the lowest animals, plainly indicate some such arrangements. 

If any one takes the trouble to study under the microscope the countless myriads of animalcules and low animal 
and vegetable forms which swarm in water and liquid generally, and if, in particular, he watches how in their 
darting about in search of food they regulate their speed, the direction in which they move, and, in especial, how 
they avoid colliding with each other, he will be forced to admit that none of the movements he observes are chance 
movements. If this be conceded, then the obvious corollary is that the movements referred to are voluntary. Volun- 
tary movements, however, as we know them, imply a nervous system, or its equivalent, and this in turn necessitates 
sensitiveness of a kind. Sensitiveness implies feeling, and feeling cognition, which culminates in the consciousness 
of the higher animals. The most complex structures are, at their beginnings, developed from comparatively simple 
and very slightly differentiated protoplasm. In plants and the lowest animals, if nerve substance exists, it must 
occur in a fluid or semi-fluid, transparent state. The semi-liquid condition of nerve matter in the jelly-fish favours 
this view. Living things are not chance products. They are, on the contrary, distinct entities. From the lowest 
to the highest they have independent roles to perform, and they perform them with remarkable regularity and 
uniformity. In order to do so, they must be provided with bodies in the form of living matter, and these bodies 
must be amenable to control as regards the intake and output of food, as regards respiration, circulation, sensation, 
movement, excretion, &c. ; but control implies directly or indirectly the possession of a nervous system, or its 
equivalent in an undifferentiated or invisible form. This argument is valid as regards the entire race of animals. 
It also applies, within limits, to quite a large number of plants. 

Founding as we do our ideas of sensation, perception, movement, Ac., on a brain, sensory and motor nerves, 
muscles, Ac, as we find them in the higher animals, we are apt to deny to the lower and lowest animals, even in 
a rudimentary form, the structures and attributes which we find in a greater or lesser degree of perfection in the 
higher and highest animals. Nothing could be more un philosophical. Brain and nerve substance and muscle, as 
mere living matter, have not necessarily any advantage over other living matter, and there can scarcely be a 
doubt that in all living matter, even in protoplasm, there are the potentialities and powers which lend themselves 
to the formation at once of the simplest and most complex plant and animal organisms. These organisms, the 
simplest equally with the most complex, are independent beings, capable of managing their own affairs, each in its 
own way. If the most complex exercise their functions through the instrumentality of a brain, nervous system, and 
muscles, that is no reason why the more simple should not exercise similar functions by other means and methods, 
or by similar means and methods in what appears to us (with our limited powers of observation) an undifferentiated 
form. To take an example. The vacuoles in certain water plants exhibit rhythmic movements in every respect 
similar to those displayed by the mammalian heart ; the vacuoles closing suddenly and opening slowly, as in the 
several compartments of the heart. But plants have neither muscles nor nerves in the ordinary sense. Again, 
the heart of the chick, while yet a mass of nucleated cells, and before it even contains blood, displays characteristic 
rhythmic movements. Here again the muscles and nerves to which we attribute the rhythmic movements of the 
adult heart are absent. 
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Nature can clearly achieve the same results by various means. 

It is extremely difficult and exceedingly dangerous to attempt to define the properties and powers of living 
nutter. We certainly cannot dogmatically affirm that all living things devoid of a visible nervous system and 
muscles are incapable of feeling and moving. The fact that living things devoid of muscles do move, and to 
definite ends, should go far to prove that a nervouB system in a visible form is not necessary to sensation and 
voluntary motion. 

The operations of nature are mysterious and often inscrutable. That she can produce similar results by what 






FlO. 86. — Acaetafantttiana. A. Leaf during day. B. The same at night (after Darwin). 

Fig. 26. — Branch and leaves of sensitive plant (MtmoM puilt'ru), showing the petiole in its erect state ((() anil in its depressed state 
(d); also the leaflets closed (r) and the leaflets expanded ((>). During darkness t lie leaf stalks hang down, and the leaflets are closed, 
while the reverse U the case during light (after Balfour). 

Fro. 87.— Leaves of Dwnma mweimla, called Venue's fly-trap, showing the expanded blade of the leaf (o) with three irritable 
hairs on each division of the lamina. These hairs, when touched, cause the closure ('1, r) of the two halves of the lamina or liladu of the 
leaf (after Balfour). 

Fio. 28. — Sundew [Dnmra nluniiifolia) ; grows on i>oor l»og land and lives largely on insects caught by its leaves. The leaves are 
rouud-ehaoed, and covered with 200 or more highly sensitive hairs or tentacles. Each' hair secretes a pun- viscid fluid, which clogs the 
feet and wings of the insects when they alight on it, the haira bending down upon their victims and fixing them at or near the Centre 
of the loaf, where they are digested (Century Dictionary). 

appear to us dissimilar methods and means is abundantly proved by this. Electricity can be manufactured by 
various living animals from organised materials, and it can be produced by water or other power from inorganic 
materials by means of friction, &c. It is also produced, under certain conditions of the atmosphere, as a natural 
force. However produced, electricity is one and the same. The electrical cycle, if I may so designate it, brings us 
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back to lines of communication and lines of force, to the intardepend^Ucy of organic and inorganic matter, and 
to form and movement as the outcome of lines of communication and force in the interdependency of matter as 
a whole. There is a sequence of events which follow necessarily upon each other, and organic and inorganic matter 
and vital and physical force are continually acting and reacting upon each other. 

It has long been known that the sensitive and insectivorous plants are capable of receiving impressions from 
without and transmitting impressions from within, and so imitating the so-called reflex nervous actions and move- 
ments of animals. Thus, if the sensitive plant {Mimosa pudica) be touched it immediately begins to fold up its 
leaflets. If the contact be continued and increased, the leaf as a whole becomes depressed, and ultimately the leaf 
stalk also. These movements in response to an external impact necessarily imply two things : first, that the plant 
feels the touching body, which means that the impact so produced travels into its substance from without inwards ; 
and second, that the plant, having felt the touch or impact, generates in its substance a counter impulse, which travels 
in a direction from within outwards, and causes the movements of the leaflets, leaf, and leaf stalk referred to. No 
other explanation, it appears to me, is possible. The plant, after a longer or shorter time, elevates its leaf stalk, 
raises its leaf, and opens its leaflets as it were voluntarily. 




Fig. 29. — Shows the shape oF the leaf of the sundew (Drosera mtundi/oliu) and the appearance of the tentacles when at rest and 

A. Leaf of the sundew with its numerous long, tapering, highly sensitive hairs or tentacles, each terminating in a small oval 
swelling, and tipped with a bleb of clear, viscid secretion very attractive to insects. Magnified four times (seen laterally^ 
15. Another leaf seen from above. Magnified four times. In A and B the tentacles are not in action. 

C. In Ibis figure a tiny speck of meat has been placed on the leaf, and the tentacles to the left of the spectator are seen bending 
and pressing it in the direction of the centre of the leaf. 

D. In this figure all the tentacles are in action, due to the leaf having been immersed in a very weak solution of ammonia (one 

Crt to 87,500 of water). The leaf presents the appearance witnessed when an insect is caught and conveyed to its centre by the 
nding of the tentacles, where it is crushed and held firmly until the digestive secretion is exuded and the act of digestion, absorption, 
and assimilation completed. The assimilation over, the tentacles gradually unbend and straighten, and prepare to receive new prey 
(after Darwin). 

The sensitiveness and movements of the insectivorous plants are still more extraordinary. In the case of Venus's 
fly-trap (Dionxa musciptila) the plant is provided with an expanded, bi-lobed, hinged leaf, on the surface of which occur 
six very highly sensitive hairs. When any insect, however minute, alights on or crawls along the leaf, and comes in 
contact with the sensitive hairs, the leaf immediately folds up, closes, and captures the intruder. Nay more, it 
crushes the insect, and exudes a secretion akin to gastric juice, with which it actually digests it. Here the double 
lines of communication and of force become very obvious. An impulse travels inwards from the sensitive hairs to 
the substance of the plant. This begets a counter or outward impulse, which results in the closing of the bi-lobed leaf 
of the plant. Nor does the matter rest here : other inward and outward impulses are brought into play, whereby 
digestion and assimilation are accomplished (Fig. 27). 

In Venus's fly-trap there is a high degree of sensitiveness, a low form of cognition, and a power to move in 
given directions and to definite ends. 
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In the sundew (Drotera ratundifdia) the arrangements are, in some senses, even more complex and astounding 
{Pigs. 29 and 30). 

In this extraordinary plant, the expanded leaf is studded with a very large number (200 or so) of amazingly 
sensitive hairs or tentacles, and the tips of these tentacles, marvellous to relate, are each provided with a speck of 
glistening viscid secretion which is very attractive to insects. The trap in this case is not only set but baited. 

When an insect touches one or more of the numerous tentacles, the viscid secretion clogs the wings and feet of 
the insect, and makes escape difficult, and, in most cases, impossible. This is the first stage of capture. No sooner 
is the insect entangled than the sensitive hairs or tentacles all around begin to inflect ; the inflection is continued 
until by a progressive rolling movement the insect is carried to the centre of the leaf, where it is firmly pinned down. 
This is the second stage of capture. The third consists in the crushing of the insect against the surface of the leaf 
by the infolded tentacles and the exudation of an acid secretion resembling the gastric juice of the human stomach, 
lie insect caught and crushed is finally digested and assimilated. Digestion and assimilation having been accom- 
plished, the sensitive tentacles unbend and become straight as at first, each in due course being provided at its 
tip with a tiny drop of glistening secretion calculated to entice and ensnare other insects of all kinds, from small 
beetles to even butterflies and dragon flies. The mechanism employed by the sundew to catch and devour insects 
is, in some respects, highly complex. It certainly involves lines of communication and of force, but is not a reflex 
set in the ordinary sense ; the latter requiring an elaborate nervous mechanism. 




Fig. 30. — Shows the clouding or staining of the leaf of the sundew during digestion (magnified twice). 

A. Appearance presented by the leaf before feeding. 

B. The same leaf five minutes after a small portion of dry pcoto-albuniinose had been placed on it. 
represents the position of the proto-albuminose ; some of the tentacles are seen bending towards it. 

C. The same leaf twenty-eight minutes after feeding. The proto- album inose is partly dissolved, at 
occasioned is spreading over the leaf and down the leaf stalk. More of the tentacles are also bent. 



The clouding or 
id the clouding 



D. The same leaf twenty-eight hours after feeding. The proto-albnminose is now largely dissolved, and the 
e of the leaf and leafstalk greatly enlarged. Absorption is evidently 1 ""' ' ' 



ed(a 



after Gillespie). 
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First, there is the touch or impact of the insect against the sensitive hairs ; second, the inflection or bending of 
the individual hairs touched ; third, a combined inflection and rolling movement of other hairs whereby the insect 
is carried to the centre of the leaf ; fourth, the crushing of the insect on the centre of the leaf ; fifth, the exudation 
of a substance analogous to gastric juice, and the digestion and assimilation of the insect. Finally, there is the 
unbending or straightening of the tentacles and the supplying afresh of their tips with what is practically a tempting 
bait with a view to fresh captures of insects. These arrangements plainly necessitate sensitiveness and double lines 
of communication and of force. The plant feels, and, within limits, knows when the insect touches it. This implies 
an impulse travelling from without inwards, that is, from the insect into the substance of the plant. The 
tentacles bend not at their tips but at their base, and digestive secretion is poured forth ; which means counter 
impulses which travel from within outwards. The unbending movement of the tentacles is also occasioned by an 
impulse travelling from within outwards. This follows, because it is quite evident that the tentacles which are 
maile to bend by one impulse or force cannot be made to unbend by the same impulse or force. They are counter 
movements, and must be produced by counter impulses or forces and counter lines of communication. 

The co-ordinated, purpose-like, semi-intelligent movements and acts of the insectivorous plants can only be 
explained either by the direct interposition of a First Cause, or by assigning to them powers not dissimilar and in 
some respects not inferior to those exercised by many animals. 
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If we now turn to Badkamia vtricuhris we encounter an org anjS ~* which may fitly be regarded as an inter- 
mediate or connecting link between the plant and the animal (Fig- 31), This plant-animal, if I may be allowed 
the expression, which has no definite shape, advances upon its food in successive waves by means of its plasmodium 
or sarcode — a form of protoplasm. It is endowed with what are virtually rhythmic movements, in virtue of which 
it not only advances but retires. It lives upon fungi, and these it devours by any part of its substance. The 
absorption and assimilation of food are of the simplest description. 

The organism is active and quiescent by turns — that is, it rests and feeds at intervals. It reproduces itself by 
means of spores. Its sensitiveness is of a low type, as are also its powers of digestion and assimilation. It is, how- 
ever, believed to exercise a rudimentary form of secretion and excretion. Its movements are certainly very remark- 
able. Altogether Badhamia utricular^ must be credited with the double lines of communication and of force 




Fig. 31. — Badhamia vinculo™ in its resting, Active, anil feedin 

A. Srlerotium or dry state of Badhamia, x 4. 

B. to E. Plasmodium of Badhamia advancing on section of s 
at 1 p.m. ; and E, at 2 p.m., x 3j. 



n of Agarieu* mtlleu*. B, drawn at 12.25 p.m. ; C, at 12.40 p.m. ; 



F. Young spores of Badhamia, showing ainceboid movements, the lower spore at right hand of figure changing its shape in the 
course of a few minutes to that seen at the extreme left of the figure, * 665. 

0. Vegetable substance dissolved by plasmodium of Badhamia diminishing in size from left to right of figure, taken at intervals of 
about a quarter of an hour, x 250 (after Lister). 

claimed for the sensitive and insectivorous plants. It could not otherwise search for, find, and devour its food and 
get quit of waste products. 

It would be an endless task to trace the double lines of communication and of force throughout the lowest and 
lower animal series, as with the means of research at our disposal at present it is impossible to discover when the 
nervous system first makes its appearance. Enough has been said to show that double lines of communication and 
of force are a necessity, and exist in one or other form, visible or invisible. 

As bearing on the non-necessity of nerve matter as a vehicle of communication and of force it may be stated 
that even in the highest animals in their early stages of development neither nerves nor brains are present. As a 
matter of fact, development has proceeded to an advanced stage before either make their appearance. Growth and 
movement occur independently of nerves. In the anencephalous human foetus the child is full grown notwithstanding 
the absence of a brain, which is the central controlling power of the nervous system. The lines of communication 
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chain. An impression received by the integument of any part of the body may be transmitted inward to its owr 
ganglion and thence reflected immediately outward, so as to produce a movement of the limbs belonging to thai 
articulation alone ; or it may be propagated, through the longitudinal commissures, forward or backward, and 
produce simultaneous movements in several neighbouring articulations ; or, finally, it may be propagated quite 
up to the anterior pair of ganglia or ' brain,' where its reception will be accompanied with consciousness, and a 
voluntary movement reflected back upon any or all of the limbs at once. The organs of special sense, also, com- 
municate directly with the cerebral ganglia ; and impressions conveyed through them may accordingly give rise 
to movements in any distant part of the body." * Similar reasoning, I would point out, is applied to the nervous 
system of man, especially to the ganglia or nerve centres of the spinal cord. It is also applied to the nerve centres 
of the head and other parts in their relation to the sense organs. Figures illustrating the comparative anatomy oi 
the nervous system of the lower and higher animals are given at Plate lvii. which follows. 

The starfish is capable of controlling its movements. It can move towards an object which it fancies, or away 
from an object which it dislikes or fears. The element of voluntariness enters into all its acts. It takes full advantage 
of the lines of communication which connect it with the outer world, and the lines of force which enable it to move 
its several parts as a whole (Plate lvii., Fig. 1, A). 

PLATE LVII 

This plate shows the beginnings and gradual advance of the nervous system as represented by ganglia and 
sensory and motor nerves in the lower animals : also the progressive development of the spinal cord and brain 
in the higher animals. The brain is to be regarded as an expansion of the spinal cord, and consists of essentially 
the same nerve elements. 

Fig. 1. — Illustrates the nerve arrangements in the five-rayed hrainless starfish. It consists of a circular commissural nerve rin$ 
with five nerve centres or ganglia (one at the foot of each limb). Each ganglion receives and gives off sensory and motor nerves. 

A. a, Commissural nerve ring surrounding the mouth of the starfish ; 6, oral aperture of starfish ; c, one of the five triangular- 
shaped ganglionic masses ; d t motor nerves ; c, sensory nerves. The starfish in virtue of its nerve arrangements can receive sensor) 
impressions from without and send out motor impulses from within. The animal can feel and move voluntarily, and is in no sense 
dependent for its movements on inherent irritability, stimulation, or so-called reflex action. The five-rayed starfish and its nervou* 
system are symmetrical (after Dal ton). 

B. The Aplysia — an unsymmetrical mollusc — with an unsymmetrical nervous system. In the aplysia a rudimentary brain make* 
its appearance. The cephalic or brain ganglion is composed of two small ganglionic masses fused together and connected with the 
ganglionic nerve centres in all the other parts of the body by means of commissural nerve fibres. The ganglia receive and give of) 
sensory and motor nerve fibres, and the animal can, like the starfish, feel and move to given ends, irrespective of inherent irritability, 
artificial stimulation, and so-called reflex action, a, Digestive or oesophageal ganglia ; 6, cephalic or cerebral ganglia ; c c, pedal oi 
locomotory ganglia ; rf, respiratory ganglion. The nervous system of the aplysia is symmetrical in the upper, ana asymmetrical in 
the lower part of the body. 

Fxo. 2. — Nerve cells from a lumbar sympathetic ganglion without a sheath (A), and with a sheath (B), from the nervous system of an 
adult man. The cell substance contains pigment of a vivid yellow tint, and is consequently darkly granular (after Max Schultze). 

Fiq. 3. — A. Illustrates the nervous system of the centipede (Scolopetidra). It consists of a double chain of ganglia connected 
together by longitudinal and transverse nerve commissures ; two ganglia with sensory and motor nerves being provided for each 
articulation of the animal. The cephalic ganglia are increased in size and united to form a fairly well developed brain. The brain of 
the centipede sends nerves to the antennae ana to the organs of special sense, a, Brain composed of two symmetrical portions united 
longitudinally and transversely by nerve commissures ; c c\ the longitudinal commissural fibres of the left side of the nervous system. 

B. Illustrates the nervous system of man (Homo mpien*). The human nervous system is usually divided into a cerebro- spinal 
and sympathetic portion — the former only being here represented. The cerebro-spinal system closely resembles that of the centipede 
which furnishes its type. It consists of two symmetrical halves with collections of ganglia corresponding to the segments of the body. 
The ganglia are provided with sensory and motor nerves, and are united longitudinally and transversely by nerve commissures to 
secure harmonious working. The peculiarity of the cerebro-spinal system in man is the enormous expansion of the cerebro-spinal 
lobes or hemispheres which grow upwards, forwards, and backwards, and so cover in the great ganglionic nerve centres situated at the 
base of the brain, a, Cerebral lobes or great brain (cerebrum) ; b, cerebellum ; c, cervical portion of spinal cord : c', dorsal portion 
of spinal cord : d, brachial plexus and nerves going to the arms ; e, lumbar plexus and nerves going to the legs. 

Fig. 4. — Transverse sections of cervical portion of human spinal cord, showing the grey ganglionic nerve centres with their sensory 
and motor nerves. The grey ganglionic matter is arranged in two symmetrical crescentic masses within the cord : this being united 
longitudinally and transversely by nervous commissures. The sensory and motor nerves are connected with the free extremities 
(horns) of the crescentic grey substance and are white in colour. The cord is divided into two portions by anterior and posterior 
fissures. It is further divided by the grey crescentic matter of the cord and the ingoing and outcoming sensory and motor nerves, so 
that it may be said to consist of six longitudinal columns. 

Numerals are employed in describing the figures given of the spinal cord, and the same numerals indicate the same parts. 

A. Anterior view of spinal cord. C. Upper surface of cord. 

B. View of right side of cord. D. The nerve roots and ganglia seen from l>elow. 

(1), Anterior median fissure of cord ; (2), posterior median fissure of cord ; (3), antero-lateral depression ; (4), posterior lateral 

1 "A Treatise on Human Physiology," by John C. Dalton, M.D., &c, 5th edition, pp. 385-388. 
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PLATE LVII (continued) 

groove in which the posterior sensory nerve (6) disappears ; (5), anterior motor nerve sinking into an tero- lateral depression of 
These fibres display a ganglionic swelling (6') in their course ; (7), the united compound or mixed nerve ; ("'), the posterior primary 
branch of same. This nerve is derived partly from the anterior and partly from the posterior roots of the spinal nerves (after Allen 
Thomson). 

Fig. 5. — Illustrates the comparative anatomy of the brain and spinal cord iu the fish, reptile, aud mammal. The brain and 
spinal cord are divided longitudinally into two portions, and are bilaterally symmetrical. 

A. The brain and spinal cord of cod-fish, a, Olfactory lobes, two in number ; 6, cerebral lobes or hemispheres, also called 
cerebrum ; c, middle brain, giving rise to the optic nerves ; d, cerebellum ; e, spinal cord, with expansion of cord (medulla oblongata). 

B. Brain of hammer-headed shark. The lettering is the same as in A (after Dallas). 

C. Brain of alligator, a, Olfactory ganglia; b, cerebral ganglia or hemispheres ; c, optic tubercles ; d f cerebellum ; e, expansion of 
the spinal cord into the medulla oblongata. 

D. Brain of rabbit, a, Olfactory bulbs or ganglia ; b, cerebral ganglia or hemispheres, separated to show the corpora striata («•), 
optic thalami (d), and tubercula quadragemina, situated behind the optic thalami (d) ; /, cerebellum ; g, spinal cord expanding into the 
medulla oblongata (after Dalton). 

Fig. 6. — Vertical mesial line section of the human brain and spinal column (semi -diagrammatic), showing the situation of the 
several great ganglia at the base of the brain and the course of the conducting nerve fibres. 

A. Olfactory ganglion ; B, cerebral lobes or hemispheres (cerebrum) ; C, corpus striatum ; D, optic thalamus ; E, tubercula 
quadragemina ; K, cerebellum ; G, ganglion of the tuber annulare ; H, ganglion of the medulla oblongata. 

In considering A, B, C, and D of Fig. 5 it will be seen that the great ganglia forming the brains of the fish, reptile, and mammal 
are arranged in the same plane as the spinal cord, of which they are mere expansions. In Fig. 6 the great ganglia (the cerebral 
hemispheres excepted) are bent slightly forwards. These ganglia are situated on a different plane to the spinal cord, of which, as in 
the lower animals, they are mere expansions. The peculiarity of the human brain is the comparatively very great size of the cerebral 
lobes (cerebrum) which have grown upwards, forwards, and backwards, so as to cover in and conceal the ganglia at the base of the 
brain. The brains in Fig. 5 are seen from above. Fig. 6 gives a vertical mesial line section of the human brain (after Dalton). 

In the aplysia, one of the molluscs, a rudimentary brain makes its appearance. In this case there is a 
double row of ganglia, with their sensory and motor nerves in the cephalic portion of the animal ; the two ganglia 
which form the brain being more or less completely fused. The nervous system is symmetrical in the upper part 
of the body, but unsymmetrical in the lower part, where the respiratory nerve centre occurs (Plate lvii., Fig. 1, B). 

In the centipede the nervous system has made a considerable stride. It consists of two longitudinal commissural 
tracts of nerve matter with a double series of ganglia, each segment of the animal being provided with two ganglia 
and with sensory and motor nerves extending between the skin and ganglia on the one hand, and between the 
ganglia and muscles on the other. The ganglia and nerves are united longitudinally and transversely, so that all 
parts of the body are capable of receiving sensory impressions, and are under control. 

The two cephalic or highest ganglia are larger than the others. They are also united to each other, and more 
or less fused. A fairly well-developed brain can now be detected. The centipede is quick to perceive and flee from 
danger. Its power of voluntary independent movement is very remarkable. That the centipede feels by its 
antennae and other parts cannot be doubted, and that it is aware of matter dead and living outside of itself is 
equally certain. If, however, the centipede feels and is capable of controlling and directing its own movements, 
and is aware of matter, however limited, outside of itself, then the question of self and conscious self, in however 
rudimentary a form, is raised : the question of a low form of cognition and a rudimentary power of reasoning is 
also raised. This subject will be discussed further on. It is enough to state here that in the nervous system of the 
centipede the lines of communication for receiving sensory impressions and sending out motor impulses are well 
marked, there being distinct sensory and motor nerves, and a rudimentary brain (Plate lvii.). 

The nervous system of the centipede is the harbinger of similar systems in the vertebrata up to man. In man, 
the brain is an expansion of the upper part of the spinal cord. The spinal cord itself is composed of two bilateral 
halves, with longitudinal and transverse nerve commissures and symmetrical groups of ganglia on either side, associated 
with sensory and motor nerves. The brain, like the cord, is bilaterally symmetrical. It too is connected by longi- 
tudinal and transverse commissural and sensory and motor nerves, with their concomitant groups of ganglia and nerve 
centres. The brain and spinal cord with their groups of ganglia and sensory and motor nerves form an elaborate 
and complicated whole : the lines of communication and of force are all definitely laid down, and may be readily 
traced by the trained anatomist and microscopist. The nervous system in the higher animals, and in man, very 
closely resembles the telegraphic system of a great empire, where the brain corresponds to the capital, and re- 
presents the central telegraphic station ; the ganglia in the spinal cord corresponding to the towns and villages 
with their lesser and intermediate stations, and the sensory and motor nerves to the several telegraphic wires along 
which messages are sent. 

The sensory nerves transmit impressions or messages from without, as from the skin and sense organs ; the 
motor nerves transmit messages from within, as from the brain to the muscles. 
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So long as the nervous system is intact these messages are possible. If, however, any part of the nervous 
system be broken down by injury or disease, the messages become unintelligible or altogether cease. The same thing 
happens when there is a break -down in the telegraphic system. 

It will be convenient to discuss this important subject somewhat more fully, especially in relation to the nerve 
elements themselves. 

That the ganglia of the spinal cord with their complement of sensory and motor nerves can act independently 
of the brain can scarcely be doubted. Such action, however, implies no irritability on the part of the ganglia and 
nerves of the cord, and no extraneous stimulation. It simply means that the cord with its ganglia and sensory 
and motor nerves may be regarded as an independent nerve centre to the more or less complete exclusion of the 
brain. The ganglia or nerve centres of the cord can receive sensory impressions on their own account. They can 
also convert sensory impulses into motor impulses. This they can do at first hand, and without extraneous interven- 
tion. The history of the ganglia or nerve centres, spinal cord, and brain, makes this abundantly clear. The ganglia 
or nerves centres can act without a spinal cord, and the spinal cord can act without a brain, when the latter is 
diseased or removed. The object of the nerve centres in every instance is, firstly, to co-ordinate and bring into 
line the several parts of the body by means of more or less perfect voluntary movements ; and secondly, to 
connect the animal with the outside world. This the nerve centres do by the aid of ganglia and sensory and motor 
nerves ; the former going to, the latter coming from them. No hypersensitiveness or excitability of the nerve 
centres, and no extraneous stimulation of them is required for their normal action. 

In the jelly-fish, which is void of a brain, even the ganglia and sensory and motor nerves are rudimentary — 

yet the animal is capable of feeling and acting voluntarily. In the starfish, as has been shown (and the same is true 

of the aplysia), there is still no trace of a brain, but the ganglia or nerve centres and the sensory and motor nerves 

are more fully developed. The starfish and aplysia can certainly feel and move voluntarily and to given ends as 

apart from irritability and artificial stimulation. In the centipede the nervous system is arranged symmetrically 

in two longitudinal lines ; each segment of the animal being provided with two ganglia and two sets of sensory 

and motor nerves : the two cephalic ganglia running together to form a rudimentary brain. The power of the 

centipede to feel and move voluntarily goes without saying. In the double linear chain of ganglia forming the 

nervous system of the centipede can be traced the first beginnings of a spinal cord and brain. As a matter of 

fact, the brain, even in man, is to be regarded as an expansion and elaboration of a bilaterally symmetrical spinal 

cord. Virtually the same nerve elements enter into the composition of both. Both the brain and spinal cord 

are provided with ganglia or nerve centres and with nerve commissures and sensory and motor nerves in great 

profusion. They are also provided with an ample supply of conducting nerve fibres. The nerve commissures 

connect the ganglia longitudinally and transversely to secure united, harmonious action. The ganglia or nerve 

centres, the spinal cord, and the brain are furnished with an abundant supply of rich blood, and the cord and brain 

are provided with fibrous and osseous coverings to protect them from injury. 

In the fishes and reptiles, the ganglia which largely form the brain consist of a double chain or series, and 
these are arranged on the same plane and on a line with the spinal cord itself. It is only in the birds and mammals, 
especially the latter, that the cerebral lobes or hemispheres (cerebrum) of the brain sprout upwards umbrella-fashion, 
and cover in more or less completely from above the double chain of ganglia which, as explained, are to be regarded 
as continuations of the ganglia of the spinal cord itself. 

These several points are illustrated at Plates lvii. and lviii. 

A subject of peculiar interest in this connection is the nature of the ganglia or nerve centres themselves, 
whether regarded as isolated, independent entities as they occur in animals, with no spinal cord and no brain ; or 
as they occur in animals, with a spinal cord and a rudimentary brain ; or as they are found in anima's, with an 
elaborate spinal cord and with a wonderfully complex and highly differentiated brain. A microscopic examination 
of the ganglia or nerve centres, and the cells composing them, shows them to be variously shaped ; some being round, 
some oval, some triangular, and some stellate. The star-shaped appearance is, for the most part, due to the entrance 
and exit of the sensory and motor nerves or conducting nerve substance of some land ; the points at which the 
sensory nerves enter and the motor nerves leave the nerve centres being known as poles. The ganglia, whether 
they belong to the cerebrospinal or sympathetic system of nerves, consist of grey matter, the darker nerve 
substance. It occupies a central position in the spinal cord, and a peripheral one in the brain. This grey matter dis- 
charges very important functions, being accredited with the power of thinking in the brain, and of converting sensory 
into motor impulses in the spinal cord. The conducting nerves of the spinal cord and brain are composed of white 
nerve substance. The nerve ganglia are, in many cases, highly elaborated and exceedingly complex (Fig 2, A, B of 
Plate lvii. and also 1, 2, 3, 4 of Plate lviii.). They consist, like ordinary cells, of a ceil wall or envelope, a nucleus, 
and a nucleolus — the contents of the nerve cell being molecular, granular, and protoplasmic in character. It is in 
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the grey protoplasmic mass that the power of the ganglia chiefly residua. Jt jg the grey matter of the ganglia which 
converts sensory into motor impulses, and which is the active agent in thinking and in voluntary movement. 

Some of the ganglia may very well be regarded as independent nerve centres, exercising what is virtually brain 
power. The more highly differentiated ganglia may not inaptly be designated brainlets or little brains, that is, 
microscopic collections of grey nerve substance with a measure of latent brain power. They can act directly after 
the manner of brains, and as apart from irritability, artificial stimulation, and so-called reflex action. 

While the brainlet does not represent the brain, it is nevertheless a part of the same whole, and essentially the 
same in kind. 

I append figures of ganglia from the cerebrospinal system of nerves, with the sensory and motor nerves which 
enter and leave them. Numerous other examples of ganglia are figured in other parts of the work. 

PLATE LVIII 

Plate lviii. shows the general resemblance of the several kinds of ganglia or nerve centres in the different 
animals and parts thereof. The ganglia are highly complex both as regards their structure and function. This is 
especially the case in the spinal cord and brain. The brain is a continuation and expansion of the spinal cord, 
and the nerve centres and elements found in the latter are repeated in the former. It is a question less of kind 
than of degree, the brain being the more highly developed and differentiated of the two. 

Fig. 1. — Multipolar ganglion cell from the anterior horn of the spinal cord of the ox ; a, axis cylinder process; 6, c, d, «, branched 
processes, x 300 (after Dieters). 

Fio. 2. — A. Three bipolar ganglion cells from the ganglion Gasserii of the pike. The ganglia are seen at a, 6, c (after Bidder). 

B. Three bipolar ganglion cells from the auditory nerve of the pike. At rf, they are invested by the medullary sheath. At e, 
they are partially exposed ; and at /, wholly exposed. Figure B, shows the ganglion cells to be mere dilatations of the axis cylinder 
(after Max Schultze). 

Fio. 3. — Ganglion cells from the electric lobes of the brain of the torpedo. Medium-sized specimen, x 600. a, Axis cylinder 
process ; 6, 6, b, b f branched processes. Recent. Prepared by short maceration in serum containing a little iodine (after Max Schultze). 

Fio. 4. — A medium -sized ganglion cell from the anterior horn of the spinal cord of the calf, a, Axis cylinder; 6, 6, b, 6, 6, 
branched processes abruptly broken off (after Max Schultze). 

In discussing the lines of communication and of force in plants and the lower animals, I have alluded inci- 
dentally to what may be regarded as rudimentary sensation, perception, and a low form of cognition. I shall have 
occasion to return to this subject when I come to speak of the nervous system and of the reasoning powers of the 
higher animals, where consciousness, memory, judgment, and many other attributes of mind have to be predicated. 

ATOMS, MOLECULES, AND CELLS AS FACTORS IN ORGANIC STRUCTURE 

AND FUNCTION 

The growth and movements of plants and animals are very largely, indeed principally, due to changes occurring 
in the atoms, molecules, and cells, which enter into the composition of their bodies. 

An atom is defined as an ultimate, invisible particle of matter. It is the most minute portion of a chemical 
element which can exist in a compound. Atoms are never free. They combine to form molecules, and, according 
to Dr. Thudichum, as many as 1895 atoms enter into the formation of a molecule of hsematocrystallin. 

The molecules, in turn, combine to form cells and tissues. The atom and molecule supply the basis of all 
matter, organic and inorganic. 1 

1 While the foregoing is the account given of the atom in works on chemistry, it is important to point out that of late years an electrical 
theory of matter has been propounded, which, if it prove correct, will entirely alter our views as to the non-divisibility of the atom. 

In a lecture delivered at the Royal Institution of Cireat Britain (2nd March 1906), Professor J. J. Thomson of the Cavendish Labora- 
tory, Cambridge, is reported to have stated that the old atom of the chemists since Dal ton's days has gone, and in its place we now have cor- 
puscles which make up the atom ; and instead of its being a single indivisible unit, it is regarded rather as a system of bodies, not unlike the 
sun and the planets, and there is among the most recondite physicists a sort of " planetary theory of the atom." Following up Sir William 
Crookes's experiments with his famous tube, Professor Thomson set to work to find the mass or weight of the electric particles that are thrown off 
when a current is sent through a high vacuum. He found that some of these particles were not more than the one- thousandth part of the mass of a 
hydrogen atom, and he gave them the name of corpuscles. The particles in question were all charged with negative electricity, and either they 
were electricity itself or they were the carriers of electricity. On the former view they have been named electrons. One startling result of the 
Professor's research was that the mass of the so-called corpuscle was always the same, no matter of what material the electrode was made from 
which the current was passed through the tube ; and this seems to mean that these corpuscles, or sub-atoms, or electrons are "the ultimate 
particles, common to matter of all kinds," the protyle, of which Sir \V. Crook es prophesied many years ago. If matter is an electrical manifesta- 
tion, what then is electricity ? Dr. Lannor replies in an abstruse theory. It is a state of intrinsic strain in the universal medium or ether. Our 
electrical apparatus are machines for producing this strain. It was at first a grave objection to this doctrine that if atoms are made up of electrons 
or corpuscles they must be liable to break up, and the breaking up of an atom was then unknown. Radium disposed of that difficulty, for radium 
is visibly breaking up. Professor Thomson explained the processes by which he had measured the corpuscle, proved its electrical character, and 
measured its velocity — from 2000 to 60,000 miles per second. 
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Professor J. Hughes Bennett thus describes a molecule : "By a histological molecule is to be understood a 
minute body, seen under high magnifying power in all organic fluids and textures, varying in size from the four 
thousandth of an inch down to a scarcely visible point, which may be calculated at less than the twenty-thousandth 
of an inch in diameter. The smallest molecule has never been reached, even with the highest magnifying power. 
In the same manner that the astronomer with his telescope resolves nebulae into clusters of stars, and sees other 
nebulae beyond them, so the histologist with his microscope magnifies molecules into granules, and sees further 
molecules come into view." 1 The world is infinite in detail as it is vast in its general plan. 

According to Bennett molecules are formed in two different ways. 

1st. By precipitation in fluids or semi-fluid substances. 

2nd. By the disintegration of previously formed tissues. 

The former he calls histogenetic, or molecules of formation ; the latter histolytic, or molecules of disinte- 
gration. 

The division of molecules into " molecules of formation " and " molecules of disintegration " is countenanced 
by the fact that in the embryo the germinal matter breaks up and re-combines. 

In the adult, moreover, new matter is being constantly added to the body, and waste or effete products extruded 
from it. 

In the higher animals (man, for example) food before it can be assimilated must be reduced to the molecular 
condition, when it is known as chyle. Until it becomes chyle it cannot enter the blood and take part in nourishing 
the tissues. 

Molecules lend themselves to endless combinations and transformations, chemical, physical, and otherwise. 

The facts which favour the " molecular theory of organisation " are largely embryological in character. 

The most essential part of the egg is the vitellus or yolk. From this the body of the embryo is formed, and 
the organs of the new individual developed. The yolk of the egg, however, is granular, that is, it is composed of 
molecules. These molecules, there is reason to believe, vary infinitely as regards substance, form, and function. 

Molecules form cells and many other structures, such as the vitelline membrane, the sarcolemma, neurilemma, 
the anterior and posterior layers of the cornea, the capsule of the crystalline lens, Ac. Even the brain is 
largely molecular. 

Molecules are necessary to life and reproduction. The Protozoa consist exclusively of molecules. They never- 
theless live, grow, and reproduce themselves perfectly. 

It may be stated, broadly, that the primary act of generation both in vegetables and animals is due to the 
presence of molecules, variously constituted and variously combined. The following is the account given by Professor 
J. Hughes Bennett of the part played by molecules in reproduction : — 

" In the higher animals there are male elements, consisting of molecules, generally with, but sometimes 
destitute of, vibratile filaments ; and female elements, composed of the yolk within the ovum, containing a germinal 
vesicle or included cell. Both spermatozoid and germinal vesicle are dissolved in the molecules of the yolk, which 
then, either wholly or in part, by successive divisions and transformations, constitute a germinal mass out of which 
the embryo is formed. The male and female elements are, moreover, themselves molecular to begin with. Here, 
as in plants, it is necessary to remember that the spermatozoids, the yolk, and the germinal mass, are all composed 
of molecules, and that these, combining together, form the nuclei, cells, fibres, and membranes which build up the 
tissues and organs of the individual. It is not from either the male or female element that the embryo is formed. 
The essential action is not so much connected, as has hitherto been supposed, with the cell wall or nucleus, as with 
the molecular elements of the ovum. Many histologists, it is true, employ different expressions in referring to the 
primitive molecular material from which organisation proceeds : thus it is the ' organised concrete ' of Haller ; the 
' solidescible nutritive fluid ' of Wolff ; the ' primordial mucous layer ' of Burdach ; the * sarcode ' of Dujardin ; the 
' blastema ' of Schleiden and Schwann ; the ' proligerous pellicle ' of Pouchet ; the ' germinal matter ' of Beale ; 
the ' protoplasm ' of Remak, Von Mohl, and Kuhne ; the ' embryo plastic matter ' of Robin ; the * primordial 
protogenes ' of Haeckel, Ac., all which terms express essentially the same thing." 2 

Professor J. Hughes Bennett, Professor T. Huxley, Dr. Lionel S. Beale, and others, regard the molecular basis 
or blastema of the egg as homogeneous and identical in all its parts and particles, but to this view I cannot possibly 
assent, for how, in reason, can tissues, organs, and organisms, infinitely diverse in ultimate structure and function, 
be produced from material absolutely identical, seeing the conditions under which development proceeds are, 
practically, the same ? It is not in the nature of things. 

1 " Physiology, General, Special, and Practical," by John Hughes Bennett, M.D., F.R.S.E., Professor of Physiology in the University of 
Edinburgh, Ac. 1872, pp. 36, 37. 

* Professor J. Hughes Bennett, op. cit., p. 104. 
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The movements of molecules are interesting. 

They are seen in the salivary cell, in the cells of various plants, such as Chara and Vallisneria, in the migration 
of pigment in the skin of the frog, &c. Movements may also be witnessed in the molecules of many tissues. Indeed 
the aggregate of molecular movements and chemical changes in a part, constitute the normal function of such 
part. The movements occurring in glands and in the sarcous elements of muscles furnish examples. Molecules 
move in relays, in succession, and at stated intervals. This arrangement provides for the due nourishment and 
rest of every part of the plant and animal. Plants and animals take in food, rest, and work betimes. No plant 
or animal could be continually feeding, continually working, or continually resting. All this is done in due season, 
and the molecules are primarily concerned. The human heart, as a whole, is at work from the cradle to the grave ; 
but every part of the heart — all its sarcous or ultimate elements — have their appointed time for working, resting, 
and feeding. This goes without saying. Any other arrangement is inconceivable. 

Molecules, as a rule, are actuated by two forces ; a force of attraction and a force of repulsion — a centripetal 
and a centrifugal force. 

Professor J. Tyndall gives a graphic account of the activity of molecules in his address as President of the 
British Association (1874). He says : 4fc Everywhere throughout our planet we observe a tendency of the ultimate 
particles of matter to run into symmetric forms. The very molecules appear inspired with a desire for union 
and growth, and the question of questions at the present day is — and it is one, I fear, which will not be solved 
in our day, but will continue to agitate and occupy thinking minds after we have departed — this question of questions 
is, How far does this wondrous display of molecular force extend ? Does it give us the movements of the sap of 
trees? I reply with confidence, assuredly it does. Does it give us the beating of our own breasts, the warmth 
of our own bodies, the circulation of our own blood, and all that thereon depends ? To this question a similar reply 
must be given." 

As a matter of fact, all movement, of whatever kind, is traceable primarily to atoms and molecules. 
Less fundamental, but still most important, is the cell. The cell is a distinct entity, and contains, within itself, 
all the potentialities of independent existence : thus it has a birth, a period of development, a period of maturity, 
a period of decay and death. Each cell has a life history of its own. There are, as a matter of fact, cell plants and 
cell animals, where all the functions of life are adequately and faithfully discharged. 

The red-snow plant and oscillatoria consist each of single isolated cells ; the cell performing the function of 
nutrition and reproduction. The fungi and seaweeds — the so-called cellular plants — are composed of numerous cells, 
arranged according to a definite order, some of the cells discharging the nutritive and others the reproductive 
functions. The higher or vascular plants have vessels added to the cells ; the organs of nutrition and reproduction 
being more complicated. 

In compound animals, where differentiation of structure and function are carried to extremes, and where there 
is the greatest division of labour, the aggregate life of the cells is the life of the individual. It follows, that life is, 
in turn, compound, and, as a consequence, there may be particular death, as apart from general death. In other 
words, parts of plants and animals may and do die ; the plants and animals, as a whole, continuing to live. This 
is the normal condition of living plants and animals in a state of health. The living is inextricably mixed up with 
the dead. The new matter added to both is dead. The effete or waste products are also dead. The living 
substance occupies an intermediate position. It exercises the power of selecting, seizing, appropriating, and 
assimilating new matter, while it discharges the used up or effete products. That living plants and animals 
may be infinitely minute is abundantly proved by the presence everywhere, in incalculable numbers, of micro- 
organisms the very existence of which was not even suspected until quite recently. These remarks apply not 
only to plants and animals as wholes, but to living cells, and to every plant and animal structure, whether hard 
or soft. 

The subtle element of life moves mysteriously amongst matter, and is unquestionably superior to it. 
Life in plants and animals is, as it were, surrounded by a material atmosphere of death. 
The cell is regarded by most authors as the starting-point for all structure and function in plants and animals. 
This view was strongly urged by Professor Rudolf Virchow. 

As already explained, I regard growth and organisation as, primarily, the product of life acting on the atoms 
and molecules which constitute the cell. So far as I can make out, it is in atomic and molecular protoplasm that 
all the fundamental changes which result in development and differentiation occur. 

This seems satisfactorily proved by the fact that spores, germs, seeds, and eggs, which are apparently homo- 
geneous and identical in all their parts and particles, do, nevertheless, vary infinitely, each producing only its 
own kind. 

The difficulty experienced by investigators in referring the beginning of growth, development, reproduction, 
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and all the actions of plants and animals to cells, appears from this, t na(; t 2iey are not agreed as to what consti- 
tutes a cell. 

The value of the cell in the vegetable and animal kingdoms cannot, nevertheless, be over estimated. The cell 
in biology forms the structural and physiological centre around which life in all its forms may be said to revolve. 
It exhibits in its multifarious changes well-marked lines of communication and force. The cell has a literature 
of its own, but this is so extensive as to forbid my dealing with more than a fringe of it. I will therefore confine 
myself to a consideration of what I regard as the more important parts. I will also limit my observations on the 
cell itself to its position as a separate living entity, as a centre of reproduction, nourishment, growth, movement, &c. 
A cell may be denned as a microscopic object measuring from the three -thousandth to the four-thousandth of 
an inch in diameter, which is variously constituted and shaped. Thus it varies in chemical composition : it also 
varies in shape, being round, oval, caudate, branched, polygonal, cylindrical, stelliform, fusiform, &c. The cell, 
as a rule, is round to begin with, but its shape is modified by pressure and various other conditions. 

A typical cell consists of three parts, each of which is porous and permeable, namely, the cell wall or envelope, 
the nucleus contained within the cell wall, and the matter contained between the cell wall and the nucleus. These 
three parts are essentially different in structure and ultimate composition, but 
are necessary to each other ; the cell taking in nourishment, giving out waste 
products, reproducing itself, and carrying on all the functions of life. The 
matter contained between the cell wall and the nucleus is variously designated 
protoplasm, cell sap, cell contents, Ac. The nucleus is, for the most part, 
round or oval. It varies in size, and is sometimes solid, sometimes hollow, 
and sometimes granular. It may contain one or several granules, and these, 
when they exist, are known as nucleoli. I subjoin an original sketch of a cell 
in which the several points referred to above are indicated (Pig. 32). 

The manner in which cells take in nutrient materials and extrude waste 
products by the aid of endosmotic and exosmotic currents will be readily 

„„,_,..,,, . „ understood by a reference to the subjoined figure, where the darts pointing to 

Flu. 32.— Typical cell consisting of s cell , . J '. . ^* ' . . ,. 

wall or envelope, cell contents, anocleus, and the interior of the cell indicate the ingoing centripetal nourishing currents, 

"nueLlTrf,ldi lu7 ,1 Th ft H da'^!", W /:™: and the darte P^ting to the exterior of the cell the outgoing centrifugal 
present the endosmotic or ingoing nutrient waste-product currents (Fig. 32). 

fZQVSSlk 'or M o\l£g 'current*" The normal Ufe of the adult "^ affordl> * strikm g example of vital and 

whereby the cell rida itself of waste products mechanical forces working side by side and in harmony to bring about a 
ttn The J ccVl°wali' cSl"coiitcut3 nucleus and common result. The osmotic currents are essentially and intrinsically mechani- 
uucleoliw are osmotic media, and, when the cal in their nature, but the cell lives, and determines, within limits, the nature 
mechanical properties are at ' once 1 evoked and tne extent of the currents. In other words, it selects and takes in by 
(the Author) the endosmotic currents certain materials which it absorbs and assimilates — 

the assimilated materials being useful and necessary — while it rejects and 
gives out by the exosmotic currents other substances which are inimical to its well-being and which, if retained, 
would prove injurious. 

That cells can and do discriminate, and that they select and reject within limits, is proved by the behaviour 
of animal cells as a class. Thus, some cells secrete and others excrete : the secreting and excreting cells are supplied 
with, and act upon, the same blood. Of the secreting cells some produce saliva, others gastric juice, others bile, 
and so on. Of the excreting cells some furnish perspiration, some urine and other waste products. The aggregates 
of cells form plants and animals ; they also form the great majority of the vegetable and animal tissues — cellular 
tissue, woody fibre, muscle, nerve, bone, hairs, feathers, &c. ; but these eeveral and diverse structures are the product 
of one and the same vegetable sap, or, in the case of animals, one and the same blood, from which it follows that 
the several kinds of cells are endowed with special properties to bring about certain predetermined results. In 
the economy of cells, the division of labour is carried to an extreme. Cells, as structural units, are invested with 
high powers. They live, grow, and reproduce themselves. They perform the bulk of the work in plants and 
animals. They are conditioned, and work to given ends, singly and in combination. Their work ia duly appor- 
tioned : they do nothing in a hap hazard way. They reproduce, build up, and keep the organism going in all its 
parts. They, however, do this according to a fixed plan and under supervision. Cells can only work within 
prescribed limits. They have no power, in the normal or healthy condition, to change either their constitutions 
or the rdle to be played by them. Least of all can they change or abrogate the function assigned them in the 
great scheme of organic nature. 

The importance of the cell in life and organisation is universally admitted. Indeed the majority of physio- 
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PLATE LX (continued) 

wall of the daughter-cell has absorbed water and burst ; the protoplasmic body having forced itself through the fissure and assumed 
a rounded contour (after Sachs). 

Fig. 2. — A. Transverse section through a young internode of the stem of Tradescantia albiflora. a, Vascular bundles; 6, 
large cells forming the parenchyma of the fundamental tissue (after De Bary). 

B. Transverse section of the flower-scape of Allium Schcenoprasum, x about 30. a, Epidermis; b, chlorophyll cells; c, colourless 
parenchyma of the cortex ; rf, parenchyma of pith ; e e' t vascular bundles ; /, ring of sclerenchyma (after Sachs). 

Fig. 3. — A. Pinus nylvestris. Radical longitudinal section through the wood of a vigorous branch, a, Cambial wood-cell ; 6, 
older wood-cells ; c, c\ c'" f bordered pits of the wood-cells in order of age; rf, </, large pits where the cells of the medullary rays are 
in contact with the wood-cells. 

B. Tangential longitudinal section through the wood of Ailanthus glandulosa. a, Vessels ; 6, medullary rays cut across; c, wood 
parenchyma. 

C. Smrogyra Urnyata. Several cells of two filaments about to conjugate («, 6). Spiral chlorophyll bands (c), with starch grains 
(rf), circularly arranged, and small drops of oil. The nucleus (e) of each cell is surrounded by protoplasm, from which threads go to 
the cell wall. 

D. Cells engaged in conjugation, a, Protoplasm of one cell passing into another cell. At 6, two protoplasmic masses have 
already united. At r, the young zygotes are provided with a wall (after Sachs). 

While the German histologists maintain that everything proceeds from the cell, they differ as to their definition 
of a cell. 

Max Schultze avers that a cell wall or envelope is not necessary to the existence of the cell, and Brucke 
declares that a nucleus does not necessarily form a part of it. If, however, we eliminate the cell wall and the 
nucleus, all that remains of the cell is the matter contained between the two, namely, the cell contents or proto- 
plasm, and this is now regarded by Professor Huxley and others as the germinal matter, or physical basis of life. 

The historv of the cell is instructive. 

Schleiden and Schwann (1839), the original promoters of the cell theory, were of opinion that cells were produced 
from an amorphous mass (cyto-blastenia), contained either within or between pre-existent cells. In this mass 
round, structureless, or minutely granular corpuscles appear. 

Around these corpuscles, which constitute the nucleus, a cell wall is formed by molecular disposition, and between 
the cell wall and its nucleus fluid is stored up. By this process a nucleated cell is produced. From a mass of such 
cells, according to Schleiden and Schwann, all the textures may be developed. In their opinion "the cause of 
nutrition and growth resides, not in the organism as a whole, but in the separate elementary parts — the cells." 

Professor John Goodsir (1845), to whose writings I refer further on, thus expresses himself : " As the entire 
organism is formed at first, not by simultaneous formation of its parts, but by the successive development of these 
from one centre (the germinal spot of the ovum), so the various parts arise each from its own centre, this being 
the original source of all the centres with which the part is ultimately supplied. From this it follows, not only 
that the entire organism, as has been stated by the authors of the cellular theory, consists of simple or developed 
cells, each having a peculiar independent vitality, but that there is in addition a division of the whole into depart- 
ments each containing a certain number of simple or developed cells, all of which hold certain relations to one central 
or capital cell, around which they are grouped. It would appear that from this central cell all the other cells of 
its department derive their origin. It is the mother of all those within its own territory." 

Goodsir attached much importance to the nuclei of the cells : these formed his " centres of nutrition." In 
this matter he proved himself an advanced pioneer. The nucleus is now known to be the seat of the most extra- 
ordinary and important changes in reproduction : it is also believed to be the centre of inheritance. " The 
identification of the cell-nucleus as the vehicle of inheritance, made independently and almost simultaneously in 
1884-85 by Oscar Hertwig, Strasburger, Kblliker, and Weismann, must be recognised as the first definite advance 
towards the internal problems of inheritance through the cell-theory." 

Similar in many respects to Goodsir's theory of " centres of nutrition " is Dr. Beale's theory of germinal matter. 

Professor Huxley (1853) referred the origin of cells to vacuoles occurring in a homogeneous plasma. These 
vacuoles contain the cell wall, nucleus, and contents. The cell wall he termed the periplast, the nucleus the 
endoplast. He attaches no importance to the latter, in which respect he entirely differs from Goodsir. He says, 
in fact, that not unfrequently the nucleus has disappeared before the really essential changes in the cell begin. 
Huxley attaches especial importance to the periplast or cell wall and the matter contained within it. In these, 
according to him, all the really essential, vital, physical, and chemical changes occur. It would be easy to write 
volumes on the cell theory, but enough has been said to show that authors are not agreed either as to what 
constitutes a cell, or as to the more important parts of it. Some think that the essential part is the cell wall or 
envelope, others the nucleus, others the substance contained between the nucleus and envelope : some again are 
of opinion that neither cell wall nor nucleus is necessary, and that the contained matter or protoplasm is the only 
essential element 
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nucleus, and sometimes to movements occurring in the protoplasm. Spermatozoids have distinct movements, 
and the heart of the chick, composed entirely of cells, opens and closes with time-regulated beat independently, 
and before it contains either muscular fibres or blood. 



EVIDENCES OF DESIGN IN THE REPRODUCTIVE ELEMENTS OF PLANTS 

AND ANIMALS 

Globular, Concentric, Radiating, Branched, Segmented, Curved, and Spiral Arrangements make their 
Appearance at the very Threshold of Life. 

I have explained that globular, concentric, radiating, branched, segmented, curved, and spiral arrangements 
obtain in crystals, plants, and animals (Plates i. to xxvi. and Plates lxxi. to lxxv.), and the reader has only to 
examine the figures in the latter plates to be convinced that these arrangements make their appearance at the 
very threshold of life in the reproductive elements themselves. This is an astounding fact, and cannot be too 
strongly insisted upon. In reality, the structural features of plants and animals are impressed upon them from 
the first, and are, so to speak, stereotyped. These arrangements have much significance, as showing that plants 
and animals are, from the outset, built up according to a great general plan, which applies to the inorganic and 
organic kingdoms alike. Plants and animals are not dissevered from crystals, dendrites, and other physical 
formations, either in their young or adult conditions ; a general plan runs through and regulates all. The 
globular, concentric, radiating, branched, segmented, curved, and spiral arrangements met with in crystals reappear 
in plants and animals at their inception, and at every period of their life histories : they are fundamental, and the 
outcome of design, law, and order. They evince the workings of a great Master Mind, a Supreme Ruler, Director and 
Upholder — a Controller of events, great and small, in time and space. The only difference between inorganic and 
organic formations consists in this — that plants and animals live, and are controlled by vital forces ; inorganic 
formations being controlled by physical forces. The vital and physical forces are, however, equally the servants 
of the Creator, Who makes and sustains everything. This being so, it need occasion no surprise if the male and 
female sexual elements of plants and animals display in their substance, both before and after impregnation, when 
they amalgamate, traces of arrangements which pervade matter as a whole. Nor will wonder be excited when 
it is stated that these arrangements persist, and run through all plants and animals, from the lowest to the 
highest, in their embryological, young, and adult states ; and that plants and animals are created on common 
types, according to an ascending progressive scheme. This view gives no countenance to the " evolutionary " and 
" natural selection " theories which maintain that plants and animals are manufactured out of each other by 
infinite modifications in infinite time, and largely by accident. There is no need, and indeed no room, for such 
theories. The forces at work in nature are not blind forces — they are controlled : the matter on which they 
operate is assorted matter — nothing happens by chance. 

If the atoms and molecules in the process of crystallisation arrange themselves in a certain order and assume 
a given form, and if the atoms and molecules of the sexual elements before and after impregnation display char- 
acteristic arrangements, shapes, and movements, which can be reckoned upon, it is because the matter and the 
forces are under law and order, and are controlled to given ends. The variations, of which so much has been made 
by Mr. Darwin and others, are confined within limits, and these limits mark the boundaries of types which are 
permanent. If the term " accidental " can truly be applied to " variations," it certainly cannot be applied to 
types, which are the permanent representatives of law and order as opposed to accident and flux. In the great 
races of plants and animals the law of reproduction is universal. It is, so to speak, inwoven in their tissues and 
from the beginning. It dominates the congress of the sexes, their embryological developments, their life histories 
—everything that pertains to them as individuals, families, and races. 

If it can be shown that reproduction is a law of life and fundamental ; if further it can be demonstrated that 
the elements of reproduction exist in plants and animals in young individuals, and long before the adult and 
reproductive period, when they are required, arrives ; if finally, it can be proved that the male and female 
elements, where they exist, are complemental and adapted to each other, and that when the adult stage is 
reached they not only seek and meet each other, but that they unite and amalgamate to form new beings, dis- 
playing globular, concentric, radiating, branched, segmented, curved, and spiral arrangements, similar to what 
obtains in crystals, it follows that reproduction is no chance process, but part of a carefully-considered, well-ordered 
scheme. As, moreover, the process of reproduction, in its entirety, is largely involuntary in character, the only 
explanation that can be given of it is that it is a designed process — a means to ends— the ends being seen and 
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determined from the beginning, but not by the beings who take part in it. It is plain that the reproductive 
prows is not the outcome of any form of " evolution " or " natural selection." Each plant and animal only 
reproduces itself, and the reproduction is direct, and not the result of roundabout methods, as claimed by the 
theories referred to. No plant or animal can deduce itself from another plant or animal ; neither can plants and 
animals vary at discretion, and select or reject structural peculiarities and properties in themselves which, as a matter 
of fact, have no existence at the period of impregnation. "Natural selection" cannot be applied to a thing 
before or during its formation. The successive steps in the reproductive process are fixed beforehand, and the 
structures which are developed, as the result of impregnation, are formed before they are required, and before 
they are of use to the individual. All this bespeaks design of a high order. It is inconceivable that the tilings 
developing can have any idea of the complicated whole they are building up, or of the separate and combined 
functions they are to perform in the economy of the adult. As already stated, the reproductive act, in its entirety, 
cannot be regarded as intellectual. It is, in a very large number of cases, quite involuntary. This is especially 
true where there is only one sex, and in hermaphrodites, where the two sexes are found in one and the same 
individual. It is also true in the case of plants, especially where the male and female elements occur in separate 
specimens located at considerable distances from each other, and where the interposition of winds, insects, birds, &c., 
becomes a necessity. The latter cannot be regarded as intelligent ^ 

fmctiners : they can only be considered as the agents of a higher 
power, which perform work they are predestined to perform as 
integral parts of the great scheme of creation. 

In the lowest plants and animals, where the parts greatly 
resemble each other, and there is little differentiation, reproduc- 
tion is largely effected by simple division or by budding (Plates 
Uri., brii., lxiii., and lxiv.) 

In these cases every part of the individual is capable of 
the reproductive act. There are no organs of reproduction. 
In the atoms and molecules of the individual resides the power 
of reproduction, and this more than any other thing shows the 
fundamental nature of reproduction. As every living thing can 
reproduce itself, it follows that reproduction is at once funda- 
mental and universal. As, further, reproduction can be effected 
in the absence of separate sexual elements, it is clear that the 
latter, when they exist, are the result of differentiation — the 
simple thing becoming complex. But (and here comes the crux) 
the simple cannot of itself become complex. If it does so, the 
change must be referred to an external controlling power, and 
that power is the Creator or First Cause. From simple, homo- 
geneous matter, similarly conditioned and placed, only simple matter can result. The moment a departure is 
made from the simple to the complex, differentiation (of a land) is established, and that differentiation involves 
design and means to ends. The simple plants and animals cannot differentiate of themselves. There is nothing 
in them to reproduce new structures and to enable them to assume new functions. The power to differentiate 
must reside in the living things in a potential form, and the act of reproduction proves that plants and animals, 
be they simple or complex, are the outcome of one or more special substances which have separate existences 
from the first, and in turn produce others. In no other way can the diversified and countless multitudes of 
plants and animals be accounted for. Living substances devoted to the construction of plants and animals no 
more admit of admixture than do the components of crystals. If plants and animals differ markedly from each 
other, so did the cells and sexual elements from which they were originally derived. It is idle to assert that plants 
and inimtU can depart indefinitely from their originals, if only sufficient time be allowed. If this were so, there 
could be no types or permanent forms, and even the simplest kinds of classification would be impossible. As a 
corollary, no law and order could anywhere be traced. 

In addition to the simple forms of reproduction already referred to there are others which are more complicated, 
and in which the developing individual Beems, for short intervals, to lose its identity. The white cabbage butterfly 
may be taken as an example. The extraordinary transformations through which the butterfly passes during 
development are illustrated at Fig. 38. 

At A of Fig. 33 the female butterfly is seen laying her eggs (B), which are living but not moving. 

At C, one of the eggs has developed into an active aggressive caterpillar, very destructive to vegetation. 




Via. 33. — Various phases in the development of the white 
cabbage butterfly (Piera rapm). 

A. The white tiutterflv in ttie act of laying lU eggs (B). 

C. The caterpillar stage of the butterfly. 

I). The }iuja stag" of the butterfly (from nature), (the 
Author). 
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At D, the dormant pupa stage has been reached, where the caterpillar has gone into winter quarters within 
ts silent, horny cocoon. 

The developmental changes are so unlike each other that it is only the expert who can say that we are dealing 
all through with one and the same animal. 

The changes witnessed in so-called development by " alternate generations " are, if possible, more remarkable. 
Here the development is, as it were, suppressed at a particular period to be commenced at another period subsequently. 

One of the best examples known of development by alternate generations is that furnished by the obelia, one 
of the smaller medusae (see Plate xxxv., Fig. 5, A, B, C, D). 

Obelia reproduces itself in two ways : (a) as part of a polype, and (6) as free swimming buds which detach 
themselves from the polype and commence an independent existence. It is hard in either case to trace the 
development of the animal, and for a long time its possible descent by alternate generations was doubted by even 
advanced naturalists. 

In these cases the offspring in no way resembles the parent. 

The animals which reproduce themselves by alternate generations are generally grouped under zoophytes. 
They belong to the Hydrozoa, a division of the Ccelenterata, which also includes the fresh-water polypes, and many 
jelly-fish, mostly small in size. They are a numerous tribe, and are usually found growing on the rocks and 
seaweeds of the tidal pools. They resemble delicate plants rather than animals. Their slender, tapering, flower- 
like stems and branches keep up the delusion. The colonies of polypes vary in size. Thus, in one of the smaller 
species (Plumularia cristata) the assemblage varies from 400 to 500 specimens. In some of the larger species (Plumu- 
laria falcata, or Sertularia argentea), the colony may contain from 80,000 to 100,000 individuals. 

The common tapeworm affords another example of an animal whose developmental changes are interrupted 
at one point and taken up subsequently at another point. The appearances presented by the various developmental 
products are, moreover, wholly dissimilar, as a reference to Fig. 34 shows. 

In reproduction by " alternate generations " the product does not in the first instance resemble the original 
parent or parents. In this form of reproduction, ,the proofs of design are even stronger than in direct reproduction. 
Certain parasites, the tapeworm for example (Fig. 34), require more than one host or purveyor for their development. 

This singular creature has a hermaphrodite parent with a nervous system, but no brain proper. It is produced 
unconsciously, and blindly launched on the world, but not to perish. It is eaten by a higher animal with other 
food, and attains its first or cystic stage in the flesh of the unfortunate animal, which involuntarily and unknowingly 
becomes its host and habitation pro tempore. Nor does the designed chain of events stop here. The host is in 
turn eaten, in many cases, by man himself. When the tapeworm reaches the stomach and alimentary canal of the 
second host, it is not killed and digested. On the contrary, it pushes its head out of its cyst and everts itself. It 
ceases to be cystic, and displays a formidable circle of hooklets which have been gradually forming on the head 
segment, and with these it securely anchors itself in the mucous lining of the bowel of the second host, imbibes 
nourishment through its entire substance, and slowly, but surely, becomes an adult tapeworm resembling in all 
respects its original parent. Neither the tapeworm itself nor its unfortunate hosts display any knowledge of the 
ultimate object in view. The tapeworm, broadly speaking, is non-intellectual, and the hosts, if intellectual, perform 
their part of the reproductive process blindly and involuntarily ; yet the reproduction of a tapeworm cannot 
be regarded as an accident. On the contrary, the means to ends are complicated and obvious, and bespeak an 
intelligent power outside the worm and its unconscious hosts. 

What is said of the tapeworm is true of every form of reproduction, even in the higher animals, where there 
are independent and separate reproductive elements. In the males and females alike, the reproductive elements 
make their appearance in the young animals very early, and at a period long antecedent to that of puberty, when 
they are required. This fact alone proves design. How otherwise is it possible to account for the appearance of 
structures for which there is no use at the time of their formation ? This fact saps and destroys the argument that 
organs are formed by use and wont, by habit, by irritability, by external stimulation, by environment, &c. In the 
formation of the reproductive elements none of these causes are at work. The reproductive elements, simple or 
complex, are original independent entities, and are, in every instance, traceable to their predecessors, whose 
peculiarities they tft once inherit and transmit. 

The spermatozoa or male elements, and the ova or female elements, are not produced by the sexes intelligently ; 
yet in healthy animals they are formed in anticipation of the time when they will be required. Not only are they 
not formed intelligently and voluntarily ; they are formed even in spite of the individuals producing them. Even 
coitus is not necessarily a part of the reproductive process. 

The conclusion to be drawn from the foregoing is that the production of the sexual elements and even the 
sexual desire, is not, strictly speaking, under the control of the individuals concerned. The elements and the 
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desire are equally predetermined. The globular, concentric, radiating, branched, segmented, curved, and spiral 
arrangements of the reproductive cells are also predetermined. 

The way in which the male and female reproductive elements in the higher animals deport themselves is worthy 
of careful study, as further illustrating design. In the human race, the male element or spermatozoon, and the 
female element, ovum or egg, make their appearance in the boy and girl long anterior to puberty ; they can be 
detected even in the male or female child. The reproductive elements anticipate the reproductive function by a 
gnat many yean. They are separate creations. The spermatozoa are prepared in incredible numbers in the testes 
of the male, and the ova or eggs are developed in very large numbers in the ovaries or egg-sacs of the female. The 
spermatozoa after puberty are always available ; the ova or eggs at stated intervals. The spermatozoa and ova 
in tbe genus homo (and in animals generally) are living, and have separate existences. Their movements are neither 
intellectual nor voluntary : yet they seek and find 
each other with unerring precision. The ovum or 
on, as happens, are discharged from the surfaces of 
the ovaries at the monthly periods, and find their way 
into the Fallopian tubes of the uterus, where, after 
the congress of the sexes, they are met by the sper- 
matozoa. The spermatozoa enter the ova, and im- 
pregnation, in healthy individuals, follows. The male 

element penetrates the female element. The male 

and female elements seek each other as wholes : the 

essential parts of each element also seek the essential 

parte of the complementary element and so ensure a 

perfect amalgamation or blend. The male element 

even sheds its vibratile flagellum or swimming tail 

when it is no longer useful. The ovum extrudes a 

portion of its substance (polar globule or directive 

corpuscle) to make room for the spermatozoon, and 

provides an aperture for its entrance. This aperture 

is, in due course, found and utilised by the sperma- 
tozoon. The mole and female sexual elements are 

to be regarded as centres of force, and streams of 

power and growth radiate from them as light from 

a star : indeed the term aster, in embryology, is 

employed to denote certain radiating structures and 

movements. These extraordinary arrangements < 

only be accounted for by design and prevision. For 

changes occurring in the cell, especially in the nucleus, 

after impregnation, see Plates Ixi., lxii., and lxiii., pp. 154, 156, and 158. 

When the mole and female sexual elements have met and blended with each other, a still more remarkable 

series of phenomena present themselves. As a matter of fact, two sets of changes are to be noted, namely, those 

which occur before impregnation, and those which occur after impregnation. 

The series of changes before and after impregnation are involved and complicated, but they form, strictly 

speaking, different stages or phases of the reproductive process, which is to be regarded as one continuous act. 

The term evolution, if employed at all in this connection, can only be employed, strictly speaking, in 

development. 

Reproduction consists of a progressive series of co-ordinated transformations and movements in the male 

and female elements : these elements participating equally, but in different ways. The transformations are of 

the most remarkable and striking character, and cannot be explained as apart from pre -arrangement, design, and 

a Designer. 

In some animals reproduction results in the most beautiful concentric, radiating, branching, and spiral arrange- 
ments, and in a complicated process of weaving as shown at Plates lxi. and lxii. In others it gives rise to 

bewildering divisions and reunions, and the formation of membranes and other structures as shown in Plates lxi., 

Lxii., and briv. 

The appearances presented by, and the changes occurring in, the sexual elements of plants are in some respects 

quite as extraordinary as those witnessed in animals. Plate lxv. shows the appearance presented by the pollen, 




FlO. 84.— A. Tmaia mginata. B. Head of Tiriiin folium. C. Semi-dia- 
grammatic view of a single proglottin of tenia, a. Ovary ; b, testis ; 
r, receptacle ; d, seminal veaicle ; /., common aexoal aperture ; /, utenia ; 
(I, yolk-gland ; A, shell-gland ; i, eieretory canal : j, nerve cord. D, E, F, 
" ". Development of Tmnia ao/tuut (after Leuckart). 
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spermatozoon or male element ; that presented by the ovule or female element ; and by the anthers, elatere, and 
other parts connected with reproduction. Plants display in a marked degree the globular, concentric, radiating, 
branched, segmented, and spiral arrangements to which I have so strongly directed attention in the present 
connection. 

The history of the reproductive elements is virtually that of the cell : indeed, to understand the former it is 
necessary to consider the latter. 

A few additional observations regarding the cell from the reproductive point of view will be useful. While the 
cell may, for practical purposes, be taken as the structural unit for plants and animals, it would be a mistake to 
regard it as in any way simple. Each cell and each group of cells display peculiarities, and are characterised by 
features of their own. There is, strictly speaking, no such thing as absolutely simple, identical, homogeneous 
organic matter. 

This seems proved in two ways : (a) by its behaviour while living ; and (6) by the appearance presented by it 
when dead. 

Living matter takes in and gives out inorganic matter : it grows, runs a given course, divides, and repro- 
duces itself. 

Dead organic matter when subjected to the action of powerful stains, in the majority of cases reveals traces 
of differentiation and structure. 

Even protoplasm presents a reticulated appearance and consists of four or more elements, namely, oxygen, 
hydrogen, nitrogen, and carbon, with small quantities of sulphur and other ingredients. 

Living matter as seen in cells, cell plants and cell animals, the reproductive elements, Ac., presents under high 
powers of the microscope a great variety of forms- -globular, concentric, radiating, branched, segmented, spiral, 
reticulated, and otherwise. 

The cell has a career and history of its own. It cannot be regarded as homogeneous, as it is composed of 
a cell wall, protoplasm or cell contents, a nucleus, and, generally, one or more nucleoli. In addition to these are 
to be noted, in many instances, plastids, an attraction-sphere with centrosome, vacuoles, metaplasm, chromatin- 
network, linin-network, net knot (Karyosome), Ac. 

The nucleus is, in many cases, a highly complex structure, and runs through many changes which involve 
differentiation of a kind. 

The changes referred to are generally classed under the term Mitosis (from a thread), and include indirect division 
of the nucleus involving (a) the formation of an amphiaster ; (6) conversion of the chromatin into a thread (spirem) ; 
(c) segmentation of the thread into chromosomes ; (d) splitting of the chromosomes, Ac. (Flemming, 1882.) 

The cell plants and animals generally display a nucleus, with or without nucleoli, a contractile vesicle, one or 
more vacuoles, food spaces, Ac. 

The reproductive elements — male and female — on which so much depends, are separate and independent entities. 
They pass through quite a complicated series of phases before they reach maturity, and when they do reach that 
state and unite and amalgamate in the act of impregnation, they inaugurate, as already stated, a progressive series 
of extraordinary and even startling changes, characterised by cleavages, reunions, intricate processes of weaving, 
of tissue forming, of organ forming, of modelling, Ac. 

All this, it need scarcely be added, makes for differentiation, division of labour, and heterogeneity. 

To Schleiden and Schwann, as already indicated, belongs the great merit of first directing attention to the cell 
as the fundamental factor in plants and animals. These investigators announced the cell theory in 1838, and this 
date marks a new and important era in anatomy and physiology. The cell, as a matter of fact, is itself composed 
of molecules, and the molecules of atoms ; and it is, strictly speaking, in the atoms and molecules that we must 
search for those properties, peculiarities, and powers which distinguish one cell from another, one plant from 
another, and one animal from another. To the same source are to be traced the fundamental differences in the 
sexual elements which determine lineage and transmission by descent. In the atoms and molecules of the cells 
and sexual elements are stored up, in a potential form, all the properties, peculiarities, and powers which charac- 
terise the parent or parents physically and mentally. When it is stated that the atoms and molecules of cells are, 
primarily, the parents of plants and animals, it is not meant that the cells to which they give origin contain in 
miniature all the parts of future plants and animals. They merely contain, in a latent form, the initiatory matter, 
which, under guidance and hereditary laws, develops in favourable conditions of food, heat, light, moisture, Ac, 
into plants and animals which in all respects resemble their ancestors. 

No provision is made for variations or the perpetuation of variations, which are calculated to introduce 
confusion, and to subvert or destroy originally created types. When variations do occur, they are, as a rule, speedily 
eliminated. Neither is provision made for the introduction of acquired physical and mental peculiarities. In 
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other words, parents cannot transmit to their offspring a theological, legal, medical, or scientific training, acquired 
habits, tricks of trade, handicrafts, &c, learned and practised by them during their lives. The philosopher cannot 
transmit his book lore, the watchmaker his deft fingers, or the blacksmith his strong arm. While the arts 
slightly modify pro tern, those parts of individuals trained in particular directions, they do not alter the atoms and 
molecules and the cells and sexual elements of the race. 

While the cells cannot be fundamentally altered by any form of training, they can, nevertheless, be improved 
as regards volume and quality. This is the case in nerve cells, especially those occurring in the brain. The brain 
of educated modern man is larger and of better quality than that of the untutored savage. Education is based 
on the capacity for improvement of the cerebral nerve centres of the individual up to a point. Mere education, 
however, can never convert a weak into a strong brain : poets are born, not made. All the transmissible mental 
peculiarities are the outcome of originally inherited brain cells. The most that can be said in favour of the 
transmission of acquired characters is that by the continued cultivation for long periods of the cerebral nerve cells 
in specific directions men and animals occasionally acquire certain tendencies and facilities : the offspring of the book- 
worm has a penchant for learning ; the children of hunting tribes take naturally to the chase ; the sheep-dog 
rounds up sheep, and the sporting dog finds and sets at game. The tendencies and facilities referred to are, 
however, by no means constant, and cannot consequently be regarded as genuine examples of the transmission of 
acquired characters. Not unfrequently a strong intellectual father is succeeded by a weak imbecile son. 

The advances of, and improvements in, types are traceable to original conformation and to favouring circum- 
stances which individuals, in many cases, cannot control, but of which they freely avail themselves. The over-bred, 
over-trained racehorse is not unfrequently beaten by a rank outsider, and a city to be healthy physically and mentally 
must have its old effete blood frequently mixed with fresh young blood from the country. 

All biological problems, whether physical or mental, must ultimately be referred to the atoms and molecules 
of cells, and transmission and heredity are, in a sense, fixed quantities ; that is, they are not subject to accidental 
fluctuations such as are claimed by Mr. Darwin in the production of species. Chance modifications at best influence 
heredity only for brief intervals — plants and animals tending to breed back to their stereotyped originals. 

The cell theory lends itself more to development than to evolution. Evolution implies and carries with it the 
idea of involution. We cannot take out what is not originally put in. Cells can develop or grow and repeat 
themselves, but there are no grounds for believing that they can alter themselves and assume new forms and 
functions, which they would require to do if, in the lapse of time, they produced entirely new plants and animals, 
as stated by evolutionists. Slight varieties and modifications in plants and animals (which are corrected in time) 
do not countenance the theory of evolution, which requires the manufacture of plants and animals out of each 
other by one long, continuous, unbroken process. 

It is convenient to regard the cell as the structural unit from which all the tissues of the body, normal and 
abnormal, proceed. 

The cell theory in the hands of Schleiden and Schwann established a common ground as between plants and 
animals, and enabled Kolliker and Remak to point out similar relations in embryology. It also permitted the great 
Scottish anatomist, Professor John Goodsir, and the no less celebrated Professor Rudolph Virchow, to demonstrate 
that " the various functions of the body, in health and disease, are but the outward expression of cell-activities." 

Goodsir added much to our knowledge of the cell, and was clearly the pioneer and founder of the " Cellular 
Pathology " which bulks so largely in modern medicine and surgery. As Goodsir's views, though very important, 
are comparatively little known, it is necessary to give a brief summary of them in this place. I quote from his 
Anatomical and Biographical Memoirs," published in 1868. 1 

like all the early observers of ' the cell,' Goodsir met with difficulties. Granted a cell, with its walls, its 
contents, its nucleus and nucleolus, what then ? Did the formation of cells depend on an endogenous or exogenous 
growth, a fissiparous division, or a gemmiferous thrusting forth of new cells or materials ? Theory often ran in 
advance of observation, and Goodsir, too anxious for a foremost place in the race of competition, went boldly onwards. 
This mode of procedure could excite no surprise ; histology was an almost untrodden field, the explorers of which 
were enthusiastic and impressionable. Goodsir, no less speculative than scientific, was not the least conspicuous 
supporter of the new doctrines that bid fair, at one time, to make the cell the whole science of life. Of the lectures 
delivered (by him) in the theatre of the Royal College of Surgeons of Edinburgh in the summer of 1842 and winter 
of 1842-43, a portion was devoted to the consideration of practical subjects — for example, surgical pathology ; 
another portion embraced anatomical and physiological questions of current, or rather special, interest to the younger 
members of his audience, and were afterwards woven into a work — % Anatomical and Pathological Observations * 
(vide vol. xi. p. 387). 

1 " Anatomical Memoirs, with a Biographical Memoir," A. & C. Black, Edinburgh, 1868, 
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" The prominent doctrines enunciated by Goodsir in these lectures mainly rested on the existence of centres 
of force connected with the nutritive and reproductive changes in the normal and pathological processes. The 
term ' centres of nutrition,' or ' germinal centres,' as employed by him, obviously possessed a similar signification 
to that which at this time (1868) is attached by Dr. Beale to his ' germinal matter,' and by various anatomists of 
the most modern German school to their masses of nucleated protoplasm. The allocation to these definite ' centres,' 
not only of the forces engaged in the nutrition of the textures, but in the reproduction of new forms both in normal 
and pathological processes — a doctrine which has been in its special relations to pathology so systematically pursued 
by Virchow and his disciples — was unmistakably present in the mind of Goodsir, and also articulately expressed 
in the pathological papers in the series now referred to. Of the part which the nucleated cell plays in the processes 
of nutrition, secretion, and reproduction, normal and otherwise, it may perhaps suffice to refer the reader to the 
paper on ' Centres of Nutrition,' to that on ' Absorption and Ulceration,' to the memoirs on ' Secreting Structures,' 
4 On Diseased Conditions of the Intestinal Glands,' and the part on the 4 Structure and Pathology of the Kidney 
and Liver.' In these various memoirs and essays the presence of the products of secretion within cells ; the increase 
which takes place in the size of the cells, and the multiplication of their nuclei when influenced by morbid changes ; 
the rupture of these enlarged proliferating cells, and the discharge of their nucleated contents ; all testify to the 
largeness of his observation of cell-life, both physiologically and pathologically. In the first of these memoirs, not 
only does he advocate the importance of the cell as a centre of nutrition, but argues that the organism is subdivided 
into a number of departments, ' each containing a certain number of simple or developed cells, all of which hold 
certain relations to one central or capital cell around which they are grouped.' This idea has since been freely 
made use of by Professor Virchow, though, it must be admitted, without a due acknowledgment of the quarter in 
which it was originally stated, and it has obviously influenced many of his physiological and pathological specu- 
lations. This reticence is the more strange, as Virchow dedicated his work on ' Cellular Pathology ' to the Edinburgh 
professor in the following complimentary terms : ' To John Goodsir, F.R.S., &c., as one of the earliest and most 
acute observers of cell-life, both physiological and pathological, this work on Cellular Pathology is dedicated, as a 
slight testimony of the deep respect and sincere admiration, by the author.' As Professor Virchow has travelled 
over much of the ground that had been previously cultivated by Goodsir, it is no less remarkable than dis- 
appointing to find in Virchow's volume of 433 pages but one reference to Goodsir, and that in connection with 
an observation the merit of which might be more fairly ascribed to Dr. Martin Barry. This is scanty civility to 
a scientific confrere whom he has designated ' one of the earliest and most acute observers of cell-life ' — one whose 
labours he has availed himself of, and whose opinions and words he has occasionally adapted." This subject was 
fully discussed in the British Medical Journal (Jan. 12, 1861), in a leading article, " Cellular Pathology, its Present 
Position," being a review of Virchow's work as translated by Chance. The passages referred to are placed in parallel 
columns. 1 

While Germany may be said to have taken the lead in the elaboration of the cell theory, there were able and 
enthusiastic workers in the field both in London and Edinburgh, foremost among whom may be mentioned Sharpey, 
Bowman, Carpenter, Gulliver, Busk, Simon, Paget, Martin Barry, Allen Thomson, J. Hughes Bennett, and, as 
has been shown, John Goodsir, who in some respects was facile princeps of the group. 

Various opinions as to the nature of the cell have been hazarded. Thus " Schwann looked upon the vitelline 
membrane as the outer cell wall, the yolk substance the contents, the germinal vesicle the nucleus, and the macula 
or maeuhe the nucleolus or nucleoli. Wagner and Henle regarded the ' germinal vesicle ' as the true cell, and the 
other parts of the ovum as of the nature of superadded structures. Goodsir and Virchow held the cell to be the 
ultimate morphological element in which there is any manifestation of life, and that the seat of real action must 
not be transferred to any point beyond the cell." 

Latterly, the tendency has been to follow Goodsir's lead, and to identify, more and more closely, the structure 
and function of the cell. It is now claimed that the cell is not only the unit of structure, but also the unit of 
function. " It is the cell to which the consideration of every bodily function sooner or later drives us. In the 

1 A writer in the Pall Mall Gazette, who seems to have fully realised the many admirable points in Goodsir's character, says : •' Since the 
days of John Hunter, no greater master of anatomical science, no keener investigator of phenomena, no more comprehensive grasper of generalisa- 
tions, no clearer or more effective expositor, ever dedicated himself to the great subject of anatomy, human and comparative, than John Goodsir. 
The only regret will be that he has left so few records of his discoveries and conclusions ; that in the keenness of his pursuit after scientific truth 
he left himself so little time to gather up and embody in a lasting form his numerous incidental felicities of investigation and doctrine. But 
enough, and more than enough, will always remain to prove the brightness of his intelligence, the justness of his reasoning, and the philosophic 
comprehensiveness of his generalisations. No subject, however remotely connected with his favourite one, but was perfectly known to him. 
When in 1854 he suddenly undertook the task of lecturing on natural history for his deceased friend Edward Forbes, he was found a master, at 
every point, in the science which was only accessory to his own. It is indeed impossible to estimate aright the loss which scientific knowledge 
and academic education sustain through such a death as his. Let us hope that the generous contagion of his teaching and the lustre of his 
example will arouse in some worthy disciple the masculine enthusiasm, the noble candour, and the chivalrous self-devotion which are buried in 
the too early grave of John Goodsir." 
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muscle-cell lies the riddle of the heart-beat, or of muscular contraction ; in the gland-cell are the causes of 
secretion ; in the epithelial ceil, in the white blood-cell, lies the problem of the absorption of food ; and the 
secrets of the mind are slumbering in the ganglion-cell. 9 ' 

I will conclude this part of the work with one or two short extracts from an instructive volume — " The Cell 
in Development and Inheritance " — published by Professor Edmond B. Wilson of Columbia University in 1896. 
The volume referred to is amply illustrated, and I have to acknowledge my indebtedness to this distinguished 
author for several figures in Plates lix., lx., lxi., and hrii. His allusions to the relations subsisting between the 
cell and hereditary descent are especially interesting. He observes, " The cell-theory first came into contact with 
the evolution- theory through researches on the early history of the germ cells and the fertilisation of the ovum. 
Begun in 1873-74 by Auerbach, Fol, and Biitschli, and eagerly followed up by Oscar Hertwig, van Beneden, 
Strasburger, and a host of later workers, these investigations raised wholly new questions regarding the mechanism 
of development and the role of the cell in hereditary transmission. The identification of the cell-nucleus as the 
vehicle of inheritance, made independently and almost simultaneously in 1884-85 by Oscar Hertwig, Strasburger, 
Kolliker, and Weismann, must be recognised as the first definite advance towards the internal problems of 
inheritance through the cell-theory ; and the discussions to which it gave rise, in which Weismann has taken 
the foremost place, must be reckoned as the most interesting and significant of the post-Darwinian period. . . . 
By the extreme ' evolutionists ' or * preformationists ' the egg was believed to contain an embryo fully formed 
in miniature, as the bud contains the flower or the chrysalis the butterfly. Development was to them merely 
the unfolding of that which already existed ; inheritance, the handing down from parent to child of an infini- 
tesimal reproduction of its own body. . . . Caspar Friedrich Wolff (1759) by precise actual observation showed 
that the egg does not at first contain any formed embryo whatever ; that the structure is wholly different from 
that of the adult ; that development is not a mere process of unfolding, but a progressive process, involving the 
continual* formation, one after another, of new parts, previously non-existent as such. This is somewhat as 
Harvey, following Aristotle, had conceived it — a process of epigenesis as opposed to evolution. Later researches 
established this conclusion as the very foundation of embryological science. ... It was reserved for Schwann (1839) 
and his immediate followers to recognise the fact, conclusively demonstrated by all later researches, that the egg 
is a cell having the same essential structure as other cells of the body. And thus the wonderful truth became 
manifest that a single cell may contain within its microscopic compass the sum-total of the heritage of the species. 
This conclusion, first reached in the case of the female sex, was soon afterwards extended to the male as well. . . . 
Two years after the appearance of Schwann's epoch-making work Kolliker demonstrated (1841) that the sper- 
matozoa arise directly from cells in the testis, and hence cannot be regarded as parasites, but are, like the ovum, 
derived from the parent-body. Not until 1865, however, was the final proof attained by Schweigger-Seidel and 
La Valette St. George that the spermatozoon contains not only a nucleus, as Kolliker believed, but also cytoplasm. 
It was thus shown to be, like the egg, a single cell, peculiarly modified in structure, it is true, and of extraordinary 
minuteness, yet on the whole morphologically equivalent to other cells. A final step was taken ten years later 
(1875), when Oscar Hertwig established the all-important fact that fertilisation of the egg is accomplished by its 
union with one spermatozoon, and one only. In sexual reproduction, therefore, each sex contributes a single cell 
of its own body to the formation of the offspring, a fact which shows that the sexes play, on the whole, equal 
though not identical parts in hereditary transmission. The ultimate problems of sex, fertilisation, inheritance, 
and development were thus shown to be cell- problems" 

It only remains for me to direct attention to the figures of Plates lix., lx., lxi., and lxii., where the globular, 
concentric, radiating, branched, segmented, curved, and spiral arrangements to which I have so frequently referred 
are delineated. These arrangements are predetermined, and while they can be traced both in the inorganic and 
organic kingdoms they are especially observable in the cells of plants and animals, particularly in the repro- 
ductive or sexual cells. They are fundamental in character, and proclaim their importance by manifesting 
themselves at the very beginnings of plant and animal life. The early appearance of these arrangements is a 
startling and unexpected fact, and one which has much significance, as it is calculated to unify and refer to a 
common standard the ultimate structure of crystals, plants, and animals respectively, and to indicate the 
presence of law, order, and design in the two great divisions of nature. 

Plates bri., lxii., hriii., and lxiv. show that the globular, concentric, radiating, branched, segmented, 
curved, and spiral arrangements which obtain in crystals, and in plants and animals, make their appearance at 
the very threshold of life, in cells and in the male and female reproductive elements. This points to general 
laws in the inorganic and organic kingdoms, and to typical forms which assert themselves in dead and living 
matter respectively. 
vol. i. V 
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PLATE LXI 
Plate hri. illustrates globular, concentric, radiating, branched, segmented, curved, and spiral arrangements. 

Fig. 1. — Portion of the epidermis of a salamander iu slightly oblique horizontal section, magnified 550 diameters. Cells rounded 
and polygonal, connected by delicate bridges of protoplasm and containing large nuclei (Wilson), a, Epidermal cells, three of which 
ire undergoing division. The earliest stage of division (spirem) is seen at h ; a later stage (mitotic figure in the anaphase), showing 
chromosomes ate; and the final stage (telophase), showing fission of cell-body at r/. *, Branched dark pigment-cell which has crept up 
from lower layers of skin. This figure illustrates circular, pentagonal, and branched arrangements. 

Fig. 2. — Division of the blood-cells in the embryo chick according to Kemak. </, b, r, </, e, Successive stages of division ; /, cell 
dividing by mitosis. This figure shows concentric and radiating arrangements. 

Fig. 3. — Reticular nucleus (n) of the rhizopod (Acthio*f>h&rinin) as figured by Brauer. The reticulation is a form of differen- 
tiation — the nucleus possessing a complex organisation. 

Fig. 4. — Low animal form, Amoeba prot*u* % consisting of a single cell. Magnified 280 diameters (Sedgwick and Wilson). 
n, Nucleus; kt, water vacuoles ; cv, contracting vacuole ; fv, food vacuole. The amceba can reproduce itself and move voluntarily in 
anv direction. It reveals traces of differentiation. 

Fig. 5. — Diagram of a cell by Wilson. The basis of the cell consists of a thread-work [mtiomc or reticulum) composed of minute 
granules (micro$omes) y traversing a transparent ground-substance, w, Nucleus ; «, true nucleolus or plasmosome ; b y chromatin net- 
work; c, linin-network ; rf, net-knot or karyosome; e, attraction-sphere containing two centrosomes ; /,/, vacuoles; g, lifeless bodies 
(metaplasm) suspended in cytoplasmic reticulum ; A, plastids lying in cytoplasm. 

This diagram shows that the cell is not, in any sense, a simple homogeneous IkxIv. On the contrary, it is differentiated to a 
considerable extent, a circumstance too frequently overlooked. The cell is originally spherical in form, but becomes indented by 
growth, crowding, and pressure. 

Fig. 6. — A resting cell (Sparmatoyonium) from testis of salamander, showing typical parts (Ravitz). n, Large nucleus bounded by 
membrane and invested with cytoplasmic thread- work. Contains scattered masses of chromatin and linin-network. u, Attraction 
sphere with centrosome (h). The attraction-sphere is a centre of force, and can act either centripetally or centrifugally. 

Fig. 7. — Living branched connective tissue-cell from salamander larva (Fleming). Affords beautiful example of branching 
arrangement 

Fig. 8. — Living epidermal cell from larva of salamander in early mitosis (segmented spirem), surrounded by protoplasmic 
bridges (Fleming). Shows concentric, branching, and radiating arrangements. 

Fig. 0. — Living dividing cell of salamander larva. The cell when dividing assumes a dumb-bell shape (Fleming). 

Fig. 10. — Pigment-cell from epidermis of fish (HUiinius)^ as given by Zimmerman, a, Central clear space of aster from which the 
pigment-granules diverge ; n, two nuclei. Shows radiating arrangement to advantage. 

Fig. 11. — Pigment-cell of fish (Sara us) showing two nuclei (mi') with aster (a), and rod-shaped central mass (b), according to 
Zimmerman. Affords good example of branching, radiating arrangements. 



PLATE LXI1 

Plate lxii. illustrates globular, concentric, radiating, branched, dendritic, curved, and spindle arrangements 
in the cell. 

Fig. 1. — Leucocyte or wandering cell of the salamander as figured by Heidenhain. The cell contains a large nucleus (n) with 
coarse network of chromatin, two nucleoli (n'), and permanent aster (</), with double centrosome at its centre surrounded by attraction- 
sphere. Illustrates concentric and radiating arrangements. 

Fig. 2. — Same as Fig. 1 — the cell in this case containing two nuclei. 

Fig. 3. — Alveolar or foam-structure of protoplasm in the sea-urchin's egg (Butechli). a, Aster ; 6, attraction-sphere ; c, centrosome. 
Shows radiating and concentric arrangements in a marked degree. 

Fig. 4. — Branching nucleus from the spinning gland of larva of butterfly (Pitrii), as delineated by Korschelt. It would be 
difficult to find a better example of branching arrangement in a rudimentary structure. 

Figs. 5, 6, 7, and 8. — Assortment of cells by various investigators showing typical parts. 

Fig. 5. — Spinal ganglion-cell of frog as given by Lenhossek. n, Nucleus ; a, attraction -sphere ; 6, centrosome with several 
centriole*. 

Fig. 6. — Spermatogonium of frog (Hermann), a, Attraction-sphere (aster), containing a single centrosome (6) ; n, nucleus with 
single plasmosome (c) and net-knots (d). 

Fig. 7. — Peritoneal epithelium from larva of salamander (Fleming), w, Large reticulated nucleus with net-knots (nk) ; 6, two 
centrosomes. 
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PLATE LXII (continued) 

Fig. 8.— -Spermatocyte of Proteus (Hermann), w, Nucleus in the spireiu or thread stage ; «, attraction -sphere with rod-shaped 
bodies and single centroeonie. Figs. 5, 6, 7, and 8 illustrate concentric, radiating, and reticular arrangements. 

Fig. 9. — Nucleus from crypt of Lieberkuhn in Salamander (Heidenhain). Contains three plasmosomes or tnie nucleoli (»'); also 
chromatin net-work (c) with some fine linin-threads (a). 

Fig. 10. — Remarkable permanent spirem-nucleus from salivary gland of larva of chironomus ; chromatin arranged in a single 
thread with chromatin discs terminating at either end in a true nucleolus or plasmosome (Balbiani). Shows spiral arrangement of a 
kind. 

Fig. 11. — Section of nephridian cell of leech (Clepsine) as drawn by Arnold Gray, n, Nucleus invested with chromatin membrane, 
containing granules and a single nucleolus with vacuoli (v) ; t/, 1/, large vacuole in centre of cell filled with watery fluid ; c, reticulum 
formed by cytoplasm and containing centrosomes, well marked on peripheral zone. 

Fig. IS. — Spinal ganglion-cell of frog (Lenhossek). n, Nucleus with intensely chromatic nucleolus (n) and pale linin-network 
with chromatin rounded granules (c) ; g, dark cytoplasmic masses (chromophilic granules) with a slightly concentric arrangement ; 
i, centrosonie, not very distinctly seen ; t, two connective tissue cells. The minute anatomy of the nerve cell is by no means simple. 

Figs. 13, 14, and 15. — Metaphase and anaphases of mitosis in cells (spermatocytes) of the salamander (Driiner). 

Fie. 13. — Metaphase. Shows spindle arrangement of fibres («) ; centrosoines (c, r'), asters (a, «'), and two chromosomes (d, d'\ attached 
to contractile mantle-fibres at outside of spindle (b). 

Fio. 14. — Anaphase. Shows divergence of the daughter-chromosomes (d), exposing the central spindle at the interzonal fibres (b) 
with contractile fibres ; centrosomes (c, c'), and asters (<r, «'), with concentric markings. This figure illustrates radiating and concentric 
plus looped arrangements. 

Fio. 15. — Later anaphase. Fully exposes central spindle-fibres (s) ; also the contractile or mantle-fibres (m, m'), attached to the 
chromosomes (rf, cf); a, a', asters ; r, c', centrosomes. The cell is now about to divide. 

PLATE LX1I1 
Plate lxiii. illustrates spherical, concentric, radiating, branched, and segmented arrangements in the egg. 

Fig. I.— A. Ovarian egg of the sea urchin (Toxopneustts) magnified 500 diameters (Wilson). gv, Germinal vehicle or nucleus, 
coutuining an irregular discontinuous network of chromatin ; gs, germinal spot or nucleolus deeply stained with htcmatoxyliu ; 
eft, naked cell-body composed of a regular network, the tli reads of which consist of irregular rows of minute granules or microsomes. 

B. Spermatozoon or male element, also enlarged 500 diameters. 

Figs. 2 and 3. — Eggs of the annelid Nereis, before and after fertilisation ; magnified 250 diameters (Wilson). 

Fig. 2. — Before fertilisation. The large germinal vesicle or nucleus (gv) occupies a central ]>osition, and contains a network of 
chromatin in which are five small dark bodies, the quadruple chromosome groups or tetrads, in process of formation : also a double 
germinal spot (g*) composed of a chromatic and an achromatic sphere. The egg of the Nereis is laden with yolk consisting of clear 
deutoplasni spheres (d) and drops of fat (f) ; no deutoplasm being found in tne peri- vitelline layer (p). As reproduction proceeds 
the tetrads of the germinal vesicle become more pronounced ; the network in which they are contained disappearing. This figure 
illustrates concentric and spherical arrangements. 

Fig. 3. — Some time after fertilisation — egg about to divide. The deutoplasm (d, d') now occupies lower portion of egg, and the 
peri-vitelline membrane has disappeared. The mitotic figure is also formed and the chromosomes (c) are dividing, pb, Polar bodies ; 
a, asters. The changes consequent on fertilisation are very marked, and point to progressive development and differentiation. 
Fig. 3 illustrates radiating and spherical arrangements. 

Figs. 4, 5, 6, and 7. — Young ovarian eggs with yolk-nuclei and deposits of deutoplasm. 

Fig. 4. — Myriopod (Geophilus) with one yolk-nucleus (yn), deutoplasm (</;, and germinal vesicle (gv) us figured by Balbiani. 
Shows concentric and spherical arrangements. 

Fig. 5.— The same with several yolk-nuclei (yn, //n), germinal vesicle (gv), and attraction-sphere («). 

Fig. 6. — Fish (Scorpxtia) with deutoplasm (d) forming a ring round the germinal vesicle (gv), with irregular mass of "eliminated 
chromatin'' as delineated by Van Bamheke. Shows well-marked concentric arrangements. 

Fig. 7. — Ovarian egg of a young duck, three months old, displaying a yolk-nucleus (yn), a germinal vesicle (gv), deutoplasm (d), 
and an investing capsule (/), as figured by Mertens. Shows concentric and segmented arrangements. 

Figs. 8 and 9. — The middle phases of mitosis in the first cleavage of the Ascaris-egg as represented by Boveri. 

Fig. 8. — Closing prophase, the equatorial plate forming, c, c ', Centrosomes ; a, a ', asters. Shows radiating, concentric, and 
spindle arrangements. 

Fig. 9. — Metaphase ; the equatorial plate (ep) completed — viewed from before, the four chromosomes divided. Centrosomes, 
asters, and spindle, as in Fig. 8. pb, Polar bodies. It would be difficult to find a finer example of radiating and concentric 
arrannementa than is here furnished. 
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PLATE LXIII (contiwml) 

Fig. 10. — Fertilisation in the plant (Pilularia) as delineated by Campbell. 
A, B. Early stages in the formation of the spermatozoid. 

C. The mature spermatozoid. The nucleus lies in the spiral turns of the latter at /*, a cytoplasmic mass containing starch 

corpuscles being seen at *. 

D. Archegonium during fertilisation. In the centre, the ovum (o) contains the apposed germ nuclei («/, ?/). Shows spherical, 
concentric, segmented, and spiral arrangements. 

Fig. 11. — Spermatogonium of Salamander as figured by Driiuer. n, Nucleus; «, enormoiw aster, its rays giving indications of 
nine concentric circles of microsomes ; c, centrosome, or centre of force, from which the rays of the aster diverge, and round which 
the circles of microsomes arrange themselves. Affords an outstanding example of radiating and concentric arrangements. 

Fig. 12. — Germinal cells of Volvox as figured by Overton. 

A. Spermatozoid. cv f Contractile vacuoles; ?, eye spot(obromoplastid) ; p f pyrenoid. 

B. Spermatozoid stained to show nucleus (//). 

C. Ovum (oosphere) with large central nucleus (m), and peripheral layer of chrumatophores. j>, Pyrenoid. Shows spherical, 
concentric, and branching arrangements. 

Figs. 13 and 14. — Germinal vesicles of eggs, showing chromosomes, tetrads, and nucleoli. 

Fig. 13. — Cyclops strenuu*, illustrating Hacker's account of the tetrad formation from elongated double rods with group of 
accessory nucleoli (Hacker). 

Fig. 14. — Germinal vesicle of an annelid (Ophryotrocha), showing nucleolus (//'), four chromosomes (c, r y c, r), and asters («, «'), 
according to Korschelt. Shows spherical, concentric, and radiating arrangements. 

Fig. 15. — Living ovarian egg of an insect, water-ljeetle (Dyti*cn*) f as figured by Korschelt. The egg (or) lies between two 
groups of nutritive cells; the germinal vesicle sending amreboid processes into the dark mass of food-granules. 

Fig. 16. — Egg and nurse-cell of the annelid (Ophryotrocfai) in the young stage, as depicted by Korschelt. In this condition the 
mine-cell (n) is considerably larger than the egg (o). As the ovum grows the egg ltecomes larger and the nurse-cell smaller— the 
latter ultimately shrivelling up. The egg practically lives on the nurse-cell so long as it last*. 

Fig. 17. — Mitosis in the flagellate (Noctiluca), early prophase (Ishikawa;. n, Nucleus ; *, attraction-sphere ; r, two centro- 
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Plate hriv. illustrates globular, radiating, concentric, branched, segmented, and spiral arrangements, especially 
the latter (spiral) in the sexual elements. 



Fig. 1. — Spermatozoids of plants. A to D as given by Guignard, and E to F as given by Strasbiirger. 

A. Of an alga (Fueu») : B. Liverwort (Ptllia) ; C. Moss (Sphagnum) ; I). Fern f Angioftcru) ; E. Marrilvt ; V. Fern (I'ktgijpkru). 
IiA, ared chromatophore occurs at the right of the nucleus, and at F, the nucleus is coloured dark. Illustrates spiral, branching, 
tod spherical arrangements. 

Fig. 2. — Unusual form of spermatozoa. 

A,B,C. Living amurboid spermatozoa of the Crustacean (Folijffhtmu*),** figured by Zacbaria». D, E. Spermatozoa of crab 
[Dromia); F f of Eth*m; G, of Maja ; and H, of Inachu* as given bv Grobben. I, of Lobster {Utatuiru*) — Herrick ; and J, of 
enb (PoraUanm) — Grobben. Illustrates radiating, concentric, and branching arrangements. 

Ffci. 3. — Diagram of a flagellate spermatozoon. The spermatozoon has been divided to economise Mace (WW* at), a, Apex or 
apical body; n, nucleus: ?£. end knob (? centrosome); nt/#, middle piece: </, envelope of tail; «/, axial filament; <r//, end 
piece. 

Fig. 4. — Spermatozoa of fishes and amphibia as given by Ballowitz. 

A. Sturgeon; B. Pike; C, D. LtHciteu*: E. Triton (anterior part): F. Triton (posterior [*art of flagellum); G. lia/t (anterior 
part), a, Apical body: *, end piece; /, fl;igellum ; /:, end knob (' centrosome j ; m, middle pi*-c*-: //, nucleus. Illustrate* spiral 
and waved arrangements as witnessed in swimming and terpentine movement*. 



Fk. 5. — Spermatozoa of various animal* after Ballowitz. Von Bninn, and Wilton,. 



A. Bird {PkvUojmntM' ; B. Bird Mu>ru-npa : nucleus divided into two part* (#« ', » */, no di^tiii* i middle piece; ('. Bullfinch 
with spiral membrane; D. Giant form of spermatozoon of the sheldrake (TwlvrMi. ; K. Gull (Larn$) f with spiral middle piece and 
apical cnofc Illustrates spiral and waved arrangement*. 



Fig. 6L — Spermatozoa of mammals (after Ballowitz and Wil-onj. 

A Badger (living); B. The Mine dt-ad and after staining: C Bat lV'*i*r>oh) : D. Tlie tame, flageiltiin and middle yiect 
staving end knobs; E. Opossum after stain ing, ; F. Rat: G. H*ad of s^nuatozo/iii of pig: H. Head of the fcpermatozoon of the 
Ul (awtaWsyawf) showing detail* : I. Double «>|Arimatozoon from the va- drf^ivri- of tb«r oj»o**um. h*. Head '-up *j>*-x; ; k. end 
kaob (? ceBtrosotne) ; m, middle pie*.-*- : w. nucleus in B. H. and G. ooa-Uting of two paru, 



4, ft, and 6 illustrate in a striking manner the spiral and «aved arrangements which obtain in tperrnaiozoa as a cUv. 
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PROGRESSIVE ADVANCE IN LOWER PLANT AND ANIMAL FORMS 

Having shown that crystals, plants, and animals have much in common, and that the substances composing 
them exhibit globular, concentric, radiating, branched, segmented, curved, and spiral arrangements, I have 
now to point out that the more rudimentary plants and animals are disposed in an ascending series where im- 
provement in form, structure, and types may be traced. 

The rudimentary plants are seen at Plates iii., iv. The rudimentary and other animals are given at Fig. 9, 
Plate xii., Figs. 1 and 2; Plate xvi., Figs 9 and 10; Plate xviii., Fig. 3; Plate xx., Fig. 1 ; Plate xxv., 
Figs. 2, 4, 5, 6, and 7 ; Plate xxvi., Fig. 2 ; Plate xxvii., Fig. 4 ; Plate xxxv., Figs. 2, 3, and 5 ; Plate xxxvi., 
Pigs 1, 3, and 4 ; Plate xxxvii. ; Plate xli. ; Plate xlii., Figs 3 and 4 ; Plate xliii.. Figs 2, 3, 5, and f> ; Plate xlvi., 
Figs. 1 and 2. 

The Infusoria, which afford examples of the simplest animals, are alike interesting and instructive, from the 
fact that they give a clue to the structure of all the higher animals. In these, lowly forms, the globular, concentric, 
radiating, branched, segmented, curved, and spiral arrangements which everywhere obtain in living organisms, 
and to which attention has been already directed, form a conspicuous feature. These arrangements, which present 
themselves at the very threshold of existence, are, it appears to me, so important that I devote no fewer than ten 
plates to their illustration. In these plates the same lettering is employed in the several figures throughout. Thus 
a, indicates the nucleus or endoplast ; cv, the contractile vesicle or vesicles : rf, the oral aperture ; an, the anal 
aperture ; /, the flagellum ; and cl, the collar. 

In this connection I have to acknowledge my indebtedness to Mr. W. Saville Kent, from whose interesting 
and erudite work on the " Infusoria " many of the figures are taken. 1 

It is not necessary to describe the several Infusoria in detail. The plates, and the descriptions thereof, will 
supply the information I desire to convey. The points I wish especially to establish are the following : — 

1. The Infusoria display well-marked globular, concentric, radiating, branched, segmented, curved, and spiral 
arrangements. 

2. They show a gradual advance in outline, structure, and function, but no attempt, unless in a general way, 
has been made at classification. 

3. They display symmetry and asymmetry. 

4. They exhibit centripetal, centrifugal, spiral, and other movements. 

5. They assume a well-marked and distinctive form in the adult condition which, in many cases, they lose 
during the reproductive process. They advance in the adult state and retrogress and assume the amoebic and 
shapeless state during transition and the young condition. 

6. They reproduce themselves in several ways ; a, by longitudinal, transverse, and other division : fc, by 
budding ; c, by swarming ; and d> by reverting to the simple, amorphous, amoebic condition. 

7. They move freely about in the young state, and, not unfrequently, become fixed in the adult state. 

8. They possess pseudopodia, cilia, flagella, tentacles, sensitive filaments, &c, which are under control, and 
whieh enable them to secure food, and, if need be, to move from place to place. 

9. They are provided with a nucleus and one or more contractile vesicles ; the latter displaying opening and 
dosing rhythmic movements akin to those occurring in the hearts of vertebrates. 

10. They form colonies, being, in some cases, grouped rosette-fashion and presenting a symmetrical (lower-like 
appearance. 

11. They, in not a few instances, divide, subdivide, and branch like plants. 

12. They frequently display an elegant cup-shaped collar and an exquisite protecting covering or Inrica which 
render them exceedingly beautiful objects. 

13. They form, in certain cases, the living substance of sponges. 

11. They, on many occasions, reveal longitudinal, transverse, spiral, and other markings. 

15. They also afford distinct traces of segmentation. 

The globular, concentric, radiating, branched, segmented, curved, spiral, and other arrangements and markings 
so well seen in the Infusoria are also met with in the pollen, anthers, and other parts of plants connected with 
reproduction. They are shown at Plate lxv. 

In this plate all the peculiarities of structure referred to can readily be studied and appreciated. 

Before examining the Infusorial plates it may be useful to describe very briefly one of the typical Zooids, 
the best for the purpose being the collared monad (Mimosiga gracilis). 

1 "A Manual of Infusoria, including a Description of all known Flagellate, Ciliate, and Tentaeuliferous Protozoa, British and Foreign, and an 
Account of the Organisation and Affinities of the Sponges." hy \V. Saville Kent, F.L.S., F.Z.S.. F.R.M.S., Ac. London, 1880-1882. 3 volumes, 

VfiT. f X 
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The collared monad is a minute transparent microscopical creature which lives in fluids and consists of a stem 
or pedicle by which it is fixed to some foreign object, a pear-shaped body in which can be seen a nucleus, several 
contractile vesicles, food globules, &c. Projecting from the upper part of the body is a long, slender, tapering, 
hair-like process known as the flageUum. Rising from the upper part of the body is the beautifully moulded, 
delicate collar resembling an egg-cup. 

The outstanding features in the collared monad are its small size, transparency, and simple organisation. 
It possesses no alimentary canal, no breathing apparatus, no circulation, no skeleton, no muscles, no nerves, next 

to no differentiation in the ordinary sense, yet it lives and 
reproduces itself perfectly, and in great numbers. It exhibits 
the potentialities and powers of life in their most rudimentary 
forms. By feeding the animal on carmine-stained food particles 
its several parts and its mode of feeding are brought out in 
strong relief. The most extraordinary part of the collared 
monad is its flageUum, a vibratile hair-like process which is 
made to sweep round within the egg-cup collar by a great 
variety of voluntary well-directed movements in such a manner 
as to produce a succession of currents which cause the food 
particles floating in the water in which it is immersed to rise 
up in the vicinity of the monad and flow into the open collar 
and downwards in the direction of the body where they are 
eiigul plied. The flageUum is endowed with, practically, a uni- 
versality of motion, and is thoroughly under control. It is a 
means to a very obvious end, namely, the securing of food. In 
it we behold a voluntary instrument of the first importance to 
the well-being, and even the life, of its possessor. It may be 
compared to the tongue of the higher animals, composed of a 
complicated system of muscles ; the fibres of which run in 
longitudinal, transverse, and oblique directions, symmetrically, 
The tongue, as is well known, can be made to move in almost 
every direction. The other important parts of the collared 
monad are its nucleus and contracting vesicles. The nucleus is 
a central fundamental structure which plays an important part 
in reproduction ; usually dividing into two in that process 
to form two new individuals. The contractile vesicles are re- 
markable structures from the fact that they are endowed with 
spontaneous, independent, rhythmic movements which enable 
them to open and close alternately by centrifugal and centripetal 
movements with time-regulated beat, after the manner of the 
several compartments of the heart in the higher animals. The 
contractile vesicles are undoubtedly the harbingers of the heart 
whenever and wherever they occur. That a creature so rudi- 
mentary and simple as the collared monad should possess 
structures which perform such an important rule in the circulation of the higher animals, up to man, may well 
excite wonder, and that wonder is greatly increased when it is stated that they contain neither muscle nor nerve ; 
the substances to which we usually refer regulated movements in animals. This marvellous arrangement of life is 
strangely enough not confined to the monad and other rudimentary animal forms. It first makes its appearance 
in the plant Vdvax glotxttor, whose water vacuoles open and close rhythmically with the utmost regularity and 
precision, the vacuoles opening slowly and closing somewhat suddenly as in the ventricles of our own hearts. 

The contractile vesicles of plants and the lowest animals teach a very important lesson, namely, that structure 
and differentiation, in the ordinary sense, are not necessary to the production of the spontaneous, co-ordinated 
rhythmic movements on the integrity of which, in ourselves, life depends. They are utterly inexplicable unless 
we refer them to a First Cause and design. 

The function performed by the contractile vesicles in the collared monad ib not quite understood. They 
are supposed to regulate the amount of fluid in the body for the time being, and to assist in the elimination of 
effete products. They thus seem to be connected with ingestion and egestion. 




Fro. 35. — Collared monad {Momai'jit graritbi) fad on 
Tannine ; very greatly mugiiiflcd. Shown n [.car-slmpec! body 
xtiiTiioimtiil by mi pfCk-cu]! m>1W. Tlie Iwily terminates in 8 
nte.ni or |mlJHr whicli is broken off. tl. Collar : fi. flan*" 11 " 1 ; 
it. niH-lwis ; iv', <:i»i tractile vesicle* ; f<l. !'•/, food globules. 

Tlie arrow* indicate I In- diiv,-timi wliirli tlic IYiikI juii- 
tielea, floating in tlie water, are obliged to take because of the 
voluntary wcll-diieHcd movement.- of tlic llaKellum (W. 
Simile Kent). 
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The food enters the body of the monad as fine, floating particles. Within the body the particles become massed 
into round cellular-looking bodies known as food globules, which vary in number according to the amount of food 
ingested at any one time. The carmine-stained food granules shine through the transparent body of the monad and 
are strongly pronounced. 

The collared monad reproduces itself variously : by transverse division, by longitudinal division, by combined 
transverse and longitudinal division, by swarming, and by assuming an amorphous amoebic condition. The last form 
of reproduction is at once striking, suggestive, and instructive, as it presents the case of a living form which in 
the adult condition has a well-defined outline and simple structure, both of which wholly disappear during repro- 
duction. In the amoebic form of reproduction there is, as it were, a harking back to a simpler condition. The 
same holds true, within limits, of reproduction in the higher animals. The higher animals, one and all, produce 
separate sexual elements in which no trace of structure, in the ordinary sense, can be detected. These elements 
when they come together merge and blend, and form an amorphous mass which divides and subdivides to produce 
the blastodermic membrane from which, ultimately, all the structures of the body are developed. The higher, as 
well as the lower animals, return to a humble platform for a fresh start. But, and this is an all-important point, 
alike in the monad and the man, the potentialities of the future being are present, and can always be relied on 
to reproduce the new being on the exact pattern of the old. 

From what has been stated, it will be evident that in the lowly collared monad the scheme of animal life, as 
a whole, is not only distinctly foreshadowed, but a working model provided. 

The monad is furnished with the means of voluntarily supplying itself with food. It displays various kinds 
of movements. It can ingest and egest. It can reproduce itself and perform the several functions of life with 
absolute certainty. 

The higher Infusoria will tell their own tale and teach their own lesson in the annexed plates with their 
accompanying letterpress (vide Plates lxxiii., lxxiv., and lxxv.). 



PLATE LXV 

The figures in this plate show a wonderful diversity and differentiation in the pollen, anthers, and other parts 
of plants connected with reproduction. The shapes, markings, and divisions are very striking, and some beautiful 
examples of globular, concentric, radiating, branched, curved, and spiral arrangements are to be noted. 

Fig. 1. — a, b, Spiral tissue of lining of anther from wall-flower (i%:iranthu* Cheiri). 

Flo. 2. — Spiral tissue of lining of anther from London Pride (Sasifraya umlrrnm). 

Fig. 3. — Spiral tissue of lining of anther from Lupinu* nanus. 

Fig. 4. — Spiral tissue of lining of anther from a cactus (CVrciw *iwiwu*) ; ", side view ; h f as wen from above. Show radiation 
from central point. 

Fig. 5. — Spiral tissue of lining of antlier from daisy (lidU* jterennix). 

Fig. 6. — Pollen of Viola otlvrnta ; a, side view ; 6, end view with threefold division ; f, as moistened by water. 

Fig. 7. — Pollen of Periploeu- yrwca. Shows fourfold division of parts. 

Fig. 8. — Pollen of Apoeynnm vendum, showing fourfold division of j>arts. 

Fig. 9. — Pollen of daisy (Belli* pvrenni*) sparsely covered with short spines. 

Fig. 10. — Pollen of MeMmltnjauthtmum covered with aborted spines. 

Fig. 11. — Pollen of Aluinn Plantago with small circular markings. 

Fig. 12. — Pollen of Lupinu* nanus showing spindle-shaped tesselated pattern. 

Fig. 13. — Triangular-shaped ]K)llen of Epilohium montamun with pores at angles. 

Fig. 14. — Round indented pollen of garden geranium (Prluryairium *pccw*iim). </, Front view ; /», side view. 

Fig. If).— -Beautifully marked pollen of passion-flower (Pamflora avntlea): «*, perfect grain ; />, perfect grain with raised lid 
and ]K>re owning. 

Fig. 16. — Pollen of Sctirwwra hiiqwiiica with symmetrical ridge-pattern. 

Fig. 17. — Pollen of Erica multiflora divided into three j>arts. 

Fig. 18. — Pollen of Impatient Noli-tanyere with j»ores. 

Fig. 19.— Spindle-shaped pollen of Pamjlara aqniUyia>fnlia. </, Side view ; /*, end view ; r y as moistened by water. Show 
radiating symmetrical patterns. 

Fig. 20. — Pollen of Hihigcu* Trianum showing conical spines and pores. 

Fig. 21. — Pollen of musk-plant (Afimnlu* mmchatv*). Displays beautiful spiral arrangement. Compare with spiral oogonium 
of Chara (Cham cla*tica) t Fig. 10. 
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Fig. 22. — Spherical pollen of Hknitrdiil 

sy m metrical arrangements of putts. 



as moistened by v 



Fig. 23. — Spherical pollen of Giitiirbita Prpo as teen in water. Shown conical spil 
Fig. 24. — Compound pollen of Acatia liucu, with |«rts symmetrically grouped. 

— Spcrniatozoid from the antlievidium of L'hara frmjili*. Shows spiral arrangement. The spermatozoids 



_. capable oi 

independent nn 1 Yemenis. 

Fio. 26. — Spiral spcrmato/oids from the antheridium of I'ohjtrichttm commune. 

Fia. 27. — Spcrmatozoiils from the antheridium uf Mnrchantia poUfmurpha, in tin; coiled and uncoiled state. 

Fio. 28.— Beautiful spiral spermatonoids from the aulheridium of a fern (tlyrnnotfT<tmttia\ in the coiled and uncoiled condition. 

Fig. 89— Beautifully marked i«illen of chicory (t'irhuriitM Juti/but). .Shows concentric and radiating arrangemenL 

Fig. 30.— Reticulated pollen of Smuhiu /«((«*tr« (side and .-nd views). 

Fig. 31. — .Spiral fibrous cells of the sporangium of Marchanttu jiolymorplm. 

Fio. 32.— Granulated pollen with pores of Ktattce lim/nlut (end slid side views). 

Fig. 33. — Double spiral fragment* of elater of MimAaiitia putymorplui, middle (it), and end portions (b). 

Fio. 34.— a, Portion of a section of a cell of rice, exhibiting very minute starch grains firmly compacted as in inaize; ft, jiortion 
of the same magnified. Reveal hexagonal forms as in liver cells, pigment cells, epithelium cells, &v. 

Fio. 35.— Grain of potato starch showing concentric and radiating arrangement around biluni. 

Fig. 36. — Starch grain* from haricot-bean. Display concentric arrangements. 

Fig. 37. — Portion of pullen of Ruelli* fnrmtm showing hexagonal arrangement of parts. Compare wilb Fig. 34, 

Fiu. 38. — Pollen grain with tube upon the stigmatic papillie from Ijtthrem sqHttimriit. 

Fio. 39.— Elaler of Frultania iliiiitatii revealing single spiral formation. 

Fio. 40. — Elates (a), and spores (ft), of Trichiu. The elatcrs display complicated triple spiral arrangements. 

Fig. 41. — Fragment of same elnters greatly magnified showing the remarkable triple spiral arrangement more clearly. 

FlG. 42. — Elater of Mnreiantui pnlifmorpha provided h ith a beautiful single open spiral. 
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PLATE LXVI 

This plate deals with Zooids ; with symmetry and asymmetry ; with radiating and concentric arrangements ; 
with centripetal and centrifugal movements ; with amoeboid forms as the result of retrogression ; with growth, 
force, Ac. 

Fid. 1. — Spheroidal colony-stock of adult zooids (Majjotyh-tera p/anulii), x 240 (Haeckel). This figure presents the general 
appearance of hexagonal liver cell, pigment cells, epithelial cells, honeycomb cells, &c. 



FlO. 2.— Ideal section of same showing symmetrical cluster of zooids, resembling a flower in appearance. 
Fig. 3. — A single isolated zooid from same, composed of bell-sha]ied body, with cilin, nucleus (»), and coiit 



..■tile v. 



icle(ce). The 



raportant alike for movement and for securing food. 

Flo. 4. — A similar zooid having assumed an anuelioid phase (Haeckel). Shows retrogression and reversion of zootd lo a 
primitive, simple condition for reproductive purposes analogous to the fusion of the simple male and female elements (ova and 
spermatoxoidi) in the higher animals. 

FlGB. 5 and 6.— Encysted zooids (Haeckel). Fig. 3 shows radiating and concentric arrange me nts. Fig. ft has divided by 
segmentation into four spheroidal aporular bodies. The encysting and disintegrating or breaking-lip processes in zooids mark 
important reproductive changes similar to what occur in insects (pupa state) and the segmentation of the yolk in vertebrates. 

Fio. 7.— Zooid (Artiwmoiuu jituitla) attached by single stalk-like filament, x 800 (W. S. Kent). 

FiO. 8. — Zooid ( Actiiiomoniix ptuitia) attached by a number of ray-like pseudopodia. Figs. 7 and 8 illustrate the principle of 
radiation in rudimentary animals. The power possessed by zooids of extruding and withdrawing their sarcode by centrifugal and 
centripetal movements, as witnessed in pseudopoclia, furnishes the key to muscular and other movements in the higher animals. The 
movements in question are Fundamental. They are direct, pushing, or elongating, and pulling or shortening movements. They imply 
no increase or diminution in bulk, and cannot be referred lo elasticity. Both movements are vital in their nature. 

FlO. 9.— Animalcule (RhixmnoMtt* w-rrweom) enclosed within granular gelatinous sheath, x 750 (W. S. Kent). 

Flo. 10. — Animalcule (RkKotnmwa twrrunwn) devoid of such sheath. 
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Fig. 11.— Animalcule (Ptnhtsloma Jilvjernm) with Hagelliferous pseudopodia extended n, Nucleus ; cv, contractile vesicle, x 250 
(Clap, and Lach.). 

Fig. 12. — Animalcule (Podostoma filigerum) with |>seudopodia retracted. Figs. 11 and 12 illustrate the remarkable power possessed 
by animalcules of voluntarily changing shape in the absence of nerve, muscle, or other structure. It will be observed that the 
extended pseudopodia seen in Fig. 12 are conical at their roots and are not produced by constriction or contraction. They are due 
to a vital extrusion or pushing out of the living sarcode from within (centrifugal movement), mid cannot be referred to contraction 
in any form. The appearance presented by the pseudopodia when drawn in or retracted, as seen in Fig. 12, is due to a vital pulling 
together of the sarcode (centripetal movement.) Elasticity plays quite an unimportant part in the pseudopodic movements. The 
centrifugal and centripetal movements here referred to occur in muscle and in all living substances capable of changing shape. They 
are inherent and fundamental, and are the harbingers of the rhythmic movements by which the respiration and circulation are 
carried on in the higher animals. 

Fig. 13. — Normal animalcule (Rentomoita* caudata) ingesting food bv ueriuheral extension of its body-sarcode. w, Nucleus; 



imalcule (Reptottwnas caudata) ingesting food by peripheral extension of its body-sarcode. w, Nuc 
K) (W. S. Kent). The life of the zooid is devoted almost exclusively to feeding ; a remark which appl 



les to 



cv, contractile vesicle, x 800 
most of the lower animals. 

Fig. 14. — Dorsal view of same with short i>seudopodal extensions. 

Fig. 15. — Profile view of same. 

Fig. 16. — Animalcule (Martiyamoeba simplex) with frustule of diatom attached by sarcode thread, x800 (W. S. Kent). The 
sarcode, which can be extruded nnd withdrawn at pleasure, can be employed either for seizing or ejecting food. 

Fig. 17. — Enchitmia Virchowii, x370 (Haeckel). Illustrates concentric and radiating arrangements in rudimentary animal 
forms similar to those found in crystals, scales of fishes, shells, bones, the transverse sections of plants and trees, and different parte of 
the higher plants and animals. These concentric and radiating arrangements practically represent lines of force and growth. 

Fig. 18. — Adult animalcule (Xoctilum), dorsal view (Huxley). Shows median groove, stylate rod, and tooth-like process. 

Fig. 19. — Adult animalcule (Noctilvca), ventral view. Shows oral cavity with tooth-like process, and contained cilium. 

Fig. 20. — Typical zooids, x 1200. These zooids are fixed, and supply themselves with food by the aid of their flagella, which, 
swirling about, produce currents which cause the food particles to enter the cup-shaped collar which forms the upper part of the body. 

Fig. 21.— Colony of two zooids (Codosiga f areata) on one pedicle, x 1200 (W. S. Kent). 

Fig. 22. — Free swimming and attached condition of monad i form germ (Monosiga globom) ; the collar and pedicle being not yet 
developed, x 1200 (W. S. Kent). 

Fig. 23. — A single zooid or animalcule (Codoriya allivides), with its body spherically, and its collar conically contracted, x 800 
(W. S. Kent). Shows centripetal, and, by implication, centrifugal movements in the body and collar of the zooid. The contractile 
vesicles of the body (cv) execute similar movements. In the zooid three sets of centripetal and centrifugal movements occur ; the one 
set in the collar, a second in the body, and a third in the contractile vesicles. The voluntary and involuntary movements (funda- 
mentally rhythmic in character) as witnessed in the higher animals are here clearly foreshadowed, n, Nucleus or endoplast. 

Fig. 24.— A free-floating colony-stock of five zooids (Desmartlla moniliformis) united laterally, x 1000 (W. S. Kent). 

Fig. 25. — Zooid sending out sleuder pseudopodic processes ; collar and flagellum extended, n, Nucleus ; cv, contractile 
vesicle, x 2000. 

Fig. 26. — Two zooids assuming an atiiteboid condition ; collars and ttagella retracted. Both are sending out pseudopodic pro- 
cesses, x2000(\V. S. Kent). Figs. 25 and 26 illustrate the power possessed by zooids of changing sha]>e centrifugally and centri- 
pe tally. This power of changing shape, as explained, is a fundamental endowment in rudimentary animals, and in the tissues 
(especially the muscular tissues) of the higher animals. 



PLATE LXVII 

This plate illustrates the extraordinary powers possessed by zooids and monads of voluntarily changing shape 
by centrifugal and centripetal movements, and of reverting to simpler amceboid conditions prior to reproducing 
themselves. 

Fig. 1. — Social colony of zooids (Saljringara amplwridium) adhering to confervoid filament, x625. 

Fig. 2. — One of the same more highly magnified with collar expanded, x 1250. Shows nucleus and contractile vesicles. 

Fig. 3. — Another of same with collar contracted within lorica supported on short pedicle. Figs. 2 and 3 afford excellent examples 
of the power i>ossessed by zooids of opening and closing their collars by centrifugal and centripetal movements. 

Fig. 4. — Another of same encysted within lorica, showing retrogression to amoebic primitive condition. 

Fig. 5. — Another of same with collar retracted, flagellum protruding and thickened at base, body sarcode projecting and lobose. 
Shows how every portion of the sarcode can change shape. 

Fig. 6. — Another of same with filamentous pseudopodia proceeding from top of lorica. 

Fig. 7. — Another of same where the body sarcode has assumed a branched, pinnatified appearance (J. Clark). 

Fig. 8.— Zooid with lorica flattened below and imperfect collar (Butschli). 

Fig. 9. — Zooid (Salpingceca marina) sending out ray-like pseudopodia ; the collar and flagellum retracted. 

Figs. 10 and 11. — Sarcode ejected from body of zooid assuming stellate form. These figures afford good examples of the power 
possessed by sarcode of extruding its substance in wedge-shaped masses as apart from contraction and elasticity. 
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PLATE LXVII (nmliHHMl) 

Fin, IS.— A social colony of zooids (Salpinyfrra napifentU) attached to vegetable fibre, x 800. 

Pin. 13. — One of same more highly magnified. This and Figs. Hand 15 show mule us and contractile vesicles 

Flu. 14. — Normal fully expanded zooiil {Salpingacti funifarmi*), x 1500. 

Flo. IS. — Zooid with collar and flagelhun retracted assuming amieboid stale, x 1500, Zooids have the jwwer of projecting and 
withdrawing their flagellum and nf opening and closing their collar by ceiitri filial and centripetal movements (the Author). 

Fio. 16. — Encysted zooid, x 1300 ; the sarcode undergoing change prior to reproduction. 

Flu. 17. — Encysted moid with body broken up into numerous spore-like substances, x 1500. Tin- changes are analogous to those 
which occur in the impregnated developing ovum (the Author). 

Fl«. 18. — Spore-like substances further developed and escaping from the lorica as mono flagellate germs, x 1500. 

Fro. 19.— Zooid (Salpingota inqmtlata) with protecting covering or lorica in its normal fully extended stele, x 1250. 

FiriB. 20, 81, 22, and 23.— Zooids in their amcelioid form undergoing transverse fission, xl250. The t ran s verse fission is to be 
regarded as a form of segmentation (the Author). 

Fin. 84.— Attached collarless zooid secreting its protective lorica, x 1250. 

Fio. 25.— Small calcareouaspiculed sponge ((JrmtHa mmprenn, Bowerbank) showing pavement arrangement nf collared monads 
•ith pore apertures, x 600. 

Flos. 28, 27, 28, 29, 30, 31, and 32.— Various forms assumed by collared monads of same sponge, x 1600. Show nucleus and con- 
tractile vesicles. 

Fro. 33.— Isolated monads with bodies filled with ingested carmine particles ; one showing collar and flagellum, another Uagellum 
only, a third with flagellum and body sarcode projected as pseudopodin, x 1600. 

Fro. 34.— Two collared monads ; the one protruding its flagellum, the other its body sarcode, x 1600. 
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This plate illustrates the arrangements in a c&lcareous-spiculed sponge, and the position of the monads and 
spicula, which latter form a rudimentary skeleton. It also shows the remarkable shapes assumed by monads in 
their amoeboid phases ; likewise cytoblaets of various kinds and at different stages. 
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FlUB. 2, 3, 4, ft, 6, 7, ami R— Polymorphic forms assumed by collared monads (Grant ia nmpreim, Bowerbank), x 800. It will 
be observed that the pseudo[iodic processes on which tlie variety of form depends are in every instance conical -eh aped ; the base of 
the cones being directed towards the body of the monad. This is important as showing that these proteases are the result of a pushing 
outwards of the body sareode by a centrifugal action. They are not due to contraction or elasticity of any kind. The same thing 
happens in all aniujbiforni movements. In every case the animal alternately pushes or projects its sarende out of its body by a 
centrifugal movement, and retracts or withdraws it into its body by a centri(ietal movement. Am cubiform animals can push out and 
elongate and retract and shorten (.onions of their body sarcode at pleasure. Voluntary and involuntary muscles possess similar 

Eroperties. But for the double power here claimed fur living substances and living tissues, movements in plants and animals would 
i impossible (the Author). 

Figs. 9, 10, 11, 12, 13, and 14.— Isolated amu-boid pluses of collared monad* of Bread-crumb Sponge (Halidiotulria pauvrii), 
x 1000. These monads present, similar appearances to those seen at Figs. 2 to fl inclusive. The same remarks apply lo all (the Author). 
Fros. 15, 10, IT, 18, 19, 20, and 21.— Metamorphosed collared monads from en lea reous-spic tiled sponge (Aieetta primordialu), x 700 
(Haeckel). Figs. 17, IN, 19, and 20 display characteristic conical -shaped pseudopodic processes in all respects analogous to those already 
described (the Author). 
Puis. 82 and 23.- 
tlie conjugation of twe 

Fig. 24.— Portions of transparent cytoblas tenia from Ltnrnmlraiii coriarm surrounding h poral aperture and containing amcebiforut 
cytoblasts (a, b) enclosing ingested carmine particles, x BOO. 



it-Mid zooids from the cytoblastema ; the former (Fig. 22) showing two nuclei which may either represent 
ids or a zooid aliout to divide by fission, x 70(1 (Haeckel). 
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PLATE LXVIII {continual) 

Fig. 25. — Portions of cytoblastema of Hidichondria panicat containing amcebiform cytoblasts in various stages of development ; the 
■miller ones originating from sporular bodies, x 1500. 

Fin. 26. — Associated cytoblaets from Aplytiila ruljurea with alternate and interconnecting pseudopodia, x 400 (F. E. Schulze). These 
cjtobLwts remarkably resemble in tfieir general appearance the multipolar ganglia found in the spinal cord of mammals (the Author). 

Fin. £7. — A group of metamorphosed collared mounds presenting an amoeboid aspect 



1 through which zooids 



PLATE LXIX 

This plate illustrates symmetric grouping and symmetric forms ; also the various phat 
and monads pass during their life histories. 

Fin. I. — Spheroidal monad chamW or " ampullaceous sac " of sponge (Hatisarca Thtjardinii, Johnston) as seen in optical section 
without intersecting an afferent or rtferent aperture, x 800. The introversion of this monad chamlttr produces a rosette or ordinary 
swarm gemmule. Compare with Fig. 13. This figure affords a good example of concentric radiating arrangement (the Author). 

Fin. 2. — Six collared monads attached laterally from an "ampullaceous sac " of the same sponge. These when isolated greatly 
resemble the moniliform colonies of the collared monad (Dannartlla moniliformis) seen nt Fig. 24, x 1000. 

Flo. 3. — " Ampullaceous sac " or same type seen in optical section and intersecting (vule arrows) an afferent and efferent aperture. 
Fins. 4,5,6,7,8,9, 10, ll.iitul 12. — Progressive phases of development of an " ampullaceous sac " by segmentation from a primitive 
amoeboid body, x400. At Fig. 10 tile segmented products resemble amieboid corpuscles and have no flagellate appendages. At Fig. 
12 (profile view of matured ampvillaceoiiH sac) the same elements have developed internally projecting flagella ; the characteristic 
collars being absent. Enclosed cytoblasts are seen at n, ft of Fig. 12. Fig. 11 affords a beautiful example of radiating arrangement 
similar to what occurs in crystals and flower-. The development here figured resembles in its main features that witnessed in the 
segmentation of the impreimated ovum and the formation of the germinal membranes in the higher animals. It begins by a division 
of the nucleus and the sarcbde surrounding it ( Dal ton). 

vol. i. y 
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Fio. 13.— Spheroidal cell combinations or rosette gemmules of typical collared monads, x 800. The symmetry displayed in this 
Figure and in Figs. 1 and 11 is very remarkable. The rosette arrangement of Fig. 11 is especially striking (the Author). 

Fios. 14 and 15.— Simple planuloid swarm gemmules or ciliated larvoe of Grantia compressa (Bowerbank) in various stages of 
development seen superficially and in longitudinal optical section. At Fig. 15 the larva) consist of similar closely opposed conical 
uniflagellate elements, x 350. Fig. 15 reveals a well-marked radiating arrangement. In both figures the cilia form a striking feature. 
These are useful for causing currents either for securing food or for propulsion. 

Fio. 16.— Planuloid swarm gemmule with internally contained cell spherules as seen in optical section in Ascdta primordudis 
(Oscar Schmidt). 

Fig. 17.— Portion of lateral wall of swarm gemmule of same sponge showing cell spherules (a), derived from the uniflagellate 
elements which assume an amoeboid form and creep into the common central cavity seen in Fig. 16 (Oscar Schmidt). 

Fios. 18, 19, 20, 21, 22, 23, 24, 25, and 26.— Polymorphic phases of adult monads (Herpet&monas muscx-domeditx), x 650. At 
Figs. 25 and 26 the monads are dividing by longitudinal fission. The shapes assumed are remarkable and various. 

Fio. 27. — Social colony of collared monads (Proterospoiigia luieckeli) inhabiting a common gelatinous matrix resembling the 
cytoblastema of an ordinary sponge, x800. a, Hyaline gelatinous matrix ; b y normal zooids with collars expanded ; c, normal zooids 
with collars contracted ; d, zooids with collars and flagella withdrawn and presenting an amoebiform appearance as in the cytoblasU 
of a sponge body ; these divide by transverse fission ; «, spore mass (W. S. Kent). Shows centrifugal and centripetal action of collar 
of zooid, the amoeboid and sporular phases of zooid, and its power of changing shape in any direction (the Author). 

Fio. 28. — Portion of inner wall or lining of sponge (A*cetta primordiali*), x 350. a, Pore aperture surrounded by flagelliferous 
monads ; 6, 6, 6, spore groups produced from ordinary collared monads believed by Haeckel to be sperm cells ; r, c, large amreboid 
bodies, the result of metamorphosis and coalescence of collared cells, which later develop into ciliated swarm gemmules (Haeckel). 

Fio. 29. — Fragment of peridium or indurated outer wall of sporangium of Didymium fartnaceum (Fries), with subatallate calcareous 
spicule, x390. 

Fio. 30. — A spicule of same further enlarged. These spicules present well-marked crystallie shapes. 



PLATE LXX 

This plate illustrates how the lower animal forms divide by longitudinal and transverse fission ; how they 
come together and coalesce ; how they retrogress and assume the amoeboid condition prior to reproducing them- 
selves ; how they form sporocysts with spores — the spores being scattered when the sporocysts burst ; how, in 
many instances, they assume plant shapes ; how certain of them present a spiral appearance, and how their con- 
tractile vesicles open and close as in the diastole and systole of the heart, thus identifying rhythmic movements 
with the very beginnings of life. 

Flos. 1 and 2. — Progressive phases of transverse fission of adult monad (Cercviaonas typica), x 1750. 

Fios. 3 and 4. — Examples of transverse fission in adult monad (Spumella guttula, Ehr.), x 600. The fusion of smaller with larger 
monads is seen at Figs. 6 and 7. The division, segmentation, and blending of rudimentary animal forms have an obvious bearing on 
development, differentiation, and division of labour in the higher animals (the Author). 

Fios. 5, 6, and 7. Free-swimming monads (Sjmmella guttvla, Ehr.). a, Aperture ; n, nucleus ; «?, contractile vesicle. The monads 
are coalescing or conjugating in Figs. 6 and 7. 

Fio. 8. — Shows a phase of longitudinal fission. 

Fio. 9. — An encysted group showing stalked (a) and stalkless (b) cyst, and large cyst with two stalks (c) ; the latter the result of 
the conjugation of two zooids, x 1500. 

Fio. 10. — Normal attached monad (Spumella guttula^ Ehr.), x 600. 

Fio. 11. — Shows longitudinal fission of a monad. 

Fios. 12 and 13. — Illustrate the alternating diastole and systole or opening and closing of the two contractile vesicles of a free- 
swimming monad (Physomonas socialist x 1000 (W. S. Kent). Similar opening and closing rhythmic movements are witnessed in 
plants. They have great significance as indicating the inherent fundamental nature of rhythms (the Author). 

Fios. 14 and 15. — Normal adult monads (Heteromita lens, Mull.), x800. Show nucleus and contractile vesicle. 

Fios. 16 and 17. — Irregular-shaped amcebiforiu conditions of same monads. 

Fios. 18 and 19. — Two of same monads about to coalesce. 

Fio. 20. — Conjugation or union proceeding and resulting in a spheroidal sporocyst as seen in Figs. 21, 22, and 23 (same monads). 
The blending and fusing of monads into each other and the production of new individuals by spores is analogous to reproduction in 
itfl several phases in certain plants (the Author). 

Fio. 24. — Two sporocysts containing eight or sixteen macrospores (same monads). 

Fio. 25.— One sporocyst containing four macrospores (same monads). 

Fio. 26. — The sporocyst burst and liberating biiiagellate genus same as in Figs. 14 and 15, but smaller, x 1000. 

Fios. 27, 28, 29, and 30. — Minute uniflagellate monadiform germs developed from macrospores, x 2500. 

Fio. 31. — Colony stock or zoodendrium (Cephalothamninm cuneafum), x 1250. Presents a very decided plant-like appearance. 



ADVANCE IN LOWER PLANT AND ANIMAL FORMS i 7 i 

_ PLATE LXX 




PLATE LXX (continual) 

Fiu. 32.— Colony of two monads (Deudromomts mrgariti, Weisse) dividing by longitudinal fission. 

Flu. 33.— Adult colony of monads (Oladmtenta laxnm), x 1000. Resembles small shrub in its general aspect, 

Fio. 34. — A monad dividing l>y longitudinal fission, x 1500. n, Nucleus ; cv, contracting vesicle. 

Fio. 35.— A monad dividing by transverse fission, x 1500. These cleavages are at tlie root of development and differentiation 
(the Author). 

Fio*. 36, 37, 38, 39, and 40.— Erec-swimming monads (fyinrmoHtu augvstata) with their l>odies in three cases variously twisted, 
x 1500. Tie spiral movements of free-swimming monads mark a new and important de|>artiire (the Author). 

Flo. 41.— An erect branching colony stock (Antiu^hym txgttatw, Miill.) with three terminal monad clusters, x 400. The branching 
appearance presented by this figure resembles that seen at Figs. 31, 32, ana 33. 
FlOB. 42 and 43.— Two specimens of Tetramitiu detciutu, x 1500. 

Flu. 44. — Head of colony stock of zooids (Anthophyat mciatit), x 1500 (Butsclili). Presents Aower-like rosette. 
Fro. 45.— Young animalcules (Tetrumittu roitnUiu), x 650. 



PLATE LXX I 
ThiB plate illustrates the power possessed by animalcules of changing shape at pleasure ; of dividing longi- 
tudinally and transversely ; and of assuming spiral shapes structurally and when moving. It also shows advance 
in organisation ; the flagella being increased in number, there being a superior vibratile set employed for catching 
food, and an inferior set used for luring or anchoring purposes ; hair-like Betse and cilia also make their appear- 
ance. Advance in structure and greater functional range proceed pari passu. 



Fitis. 1 to 11 inclii! 



—Animalcule (Trepomonas iigilU) 
; is dividing by longitudinal fiss: 
the arrows in this figure indicate the 



3 points with body straight and twisted, x 650. At 



Figs. 7 and S the animalcule is dividing by longitudinal fission. At Fig. 1 1 the nucleus (>i), and contractile vesicle (ft'), are shown : 
.). ;„ .i.;.. k™,„ ;-,i;,... ... tk„ J nation of the circulation of the endoplasm (Stein, Perty, and Butschli). The figures illustrate 
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Fmb. 26 and 27.— Extended and contracted phases of Heteromastix proteiformis, x 500 (J. Clark). These figures show in a striking 
manner the centrifugal and centripetal power possessed by animalcules of changing shape and moving all their part* voluntarily and 
at discretion (the Author). 

FtG*. 28 and 29. — Mallomonas plosslii, x 800. Show radiating arrangement of fine hair-like seta; on surface of body. 
Fkj. 30. — Mallomonas fresenii with long hair-like setae, x 350. 

Figs. 31, 32, and Z3.—Asthmatos ciliaris, x 400 (Salisbury). This animalcule presents a flagellum and brush-like fascicle of long 
flexible cilia. It has a plastic lxxly and is caj>able of changing shai>e by centripetal and centrifugal movements. At Fig. 33 the body 
"dividing transversely to produce two individuals (the Author). 

Kig. 34. — Trichonema hirsute, x 400 (Fromentel). 

P"igs. 35 and 36.—Mitophora dubia, x 350 (Perty). Body provided with flagellum and peripheral fringe of cilia. The latter can 
prod vice food currents or act as organs of locomotion. 

f ig. 37. — Stephanomonas locellus, x 400 (Fromentel). 

Ti<;. 38. — Ceratium tripos, Mull. Normal short-armed type, x 250. 

Tigs. 38 and 40. — Normal animalcule (Mclodinium uhtrrimnw) dividing by transverse fission, x 300 (AUman). 



PLATE LXXII 

This plate illustrates transverse and annular markings and divisions ; radiating, concentric, and spiral arrange- 
ments, and the plant-like distribution of colonies of zooids. Very remarkable and beautiful as regards shape 
*-*xd markings is the lorica or protective covering of zooids. This is, in some respects, as extraordinary as the 
hexagonal-shaped cell of the comb of the honey-bee. It is produced by a process of secretion and is in no way* 
*l\ie to pressure. As a constructive feat it is unique in the animal kingdom both as regards the material, moulding, 
^nd ornamentation. The most expert glass-blower cannot rival, far less surpass the extreme minuteness, delicacy, 
^nd accuracy of the work. What explanation can be given of the fact that one of the gems of nature's architecture 
is produced by one of the simplest animals, unless it be that the First Cause works through plant and animal 
ulike from the monad to the man ? Similar remarks apply to the marvellous constructions (shells, &c.) of the 
Foraminifera, and still lower grades, witnessed in plants. 

Fig. 1. — Helmet-shaped empty lorica or protecting covering of animalcule (Codondla galea\ showing tesselated structure, 
resembling hexagonal epithelial, liver, and pigment cells, x 200. 

Fig. 2.— Same animalcule extended beyond the orifice of its lorica. w, Nucleus ; cv, contractile vesicle (Haeckel). This animal- 
cule bean a considerable general resemblance to certain jelly fishes (the Author). 

Fig. 3.— Empty lorica of Codonelh campanelbi, x 200, shows exquisite symmetry and regular circular markings. 

Fkj. 4.— Opalina runarum. Body elliptical and flattened. Shows temporarily assumed jMirallel disposition of the cilia, x 100 
(\\\ Saville Kent). 

Figs. 5 and 7.— Examples of Ara<jhaidium globosum with tentacles extended (Fig. 5) and retracted (Fig. 7). w. Nucleus; cv, con- 
tractile vesicle, x 1200. Body nearly spherical, oral cilia thick and tentaculiform, nucleus large and curved. The tentacles when 
retracted assume a spiral form. 

Fig. 6.—- Ventral aspect of animalcule (Halteriu gnmdinella), x 600. Body subglobose ; springing setae long, fine, and forming 
central girdle ; the adoral sette at one point exhibiting spiral involution. Illustrates spiral, concentric, and radiating arrangements 
(the Author). 

Fig. 8.— Abnormal multiple subdivision of animalcule (LHdinium nusutum), x 200 (Eberhard). Body barrel -shai>ed, provided 
with two wreaths of cilia— anterior and central. Shows transverse segmentation. 

Figs. 9, 10, and 11.— Natatory animalcule (I Minium na*ntum) illustrating the seizure and engulfment of a parameeiam as 
delineated by Balbiani, x 200. Body and cilia as in Fig. 8. 

Fig. 12. — Didinium naxutum in the act of dividing by transverse fission, x 200 (Balbiani). 

Fig. 13. — Adherent zooid ( Urocentrum turbo) dividing by transverse fission, x 300 (W. S. Kent). 

Fig. 14.— Adult zooid (Gyrocori* oxyura), x300 (Tatem). Body bell-shaped, subpyriform; claw-like tail or style ; cilia forming 
posterior marginal fringe very long and fine. Contractile vesicle large. 

Fig. 15.— Adult animalcule as figured by Eljerhard, x 300. Shows well-marked spiral contour greatly resembling that of many 
shells (the Author). 

Figs. 16 and 17.— Lateral and ventral aspects of Trichodimi tmltica showing denticles of adherent disc as drawn by Quennerstedt, 

x 350. Body turl>an-shaped, having ring of suctorial disc toothed on both its outer and inner borders ; outer teeth recurved outwards, 

the inner ones straight and aculeate. Show two wreaths of cilia (Fig. 16), and concentric, radiating, and spiral arrangements (Fig. 17). 

Figs. 18 and 19.— Adult expanded (Fig. 18) and contracted (Fig. 19) zooids (Zoothamnium enrcini), x 200. Illustrate the power 
possessed by zooids of changing shajKi by centrifugal and centri]>etal movements (the Author). 

Fig. 20.— Extended and contracted zooid (Vortimlla cratcra) as drawn by D'Udekem, x 250. Body broadly campanulate, inflated, 
and hemispherical; peristome Ixxlies flattened. Ciliary disc but slightly elevated ; p«»dic1e long and stout and provided with spiral 
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the body by centrifugal and centripetal n 



PLATE LXXII (iwiihNMirf) 
Illustrates the spiral action of the gwdicle and the )mwer of expanding and contracting 



Flo. SI. — Adherent zooid (Sajpliitlia riHjuia) in lb 
osterior extremity most attenuate; integument furr 



ex] «nde<l 
wed ol.liq 



w) states, x 280 (Dujardin). Body 



pyriform, a 
i) cleft pro 



.; and spirally in two directions; pharyngeal" cleft prolonged. 
Shows how spiral markings and structures are affected by centrifugal and centripetal movements (the Author). 

Fin. 22. — Lorica or protecting sheath with two zooids (Cvthuntia patiila) in the contracted condition, x 200 (De Fromentel). 

Fin. 23. — Shows the same lorica and the same zooids (Fig. 22) in the extended condition. These figures illustrate in a striking 
manner the centripetal and centrifugal movements of zooids (the Author). 



Fun. 24 and 23.— Two zooids (Gothttrnia eohnii and CMu, 
lorica with annular transverse markings. At Fig. 24 the loric 
abruptly truncated. At Fig. 25 the lonca is symmetrically oval 



3 pupn), x 400 (Colin and Kichwald), < 
is elongate ovate and subcvlindricai ; 
u.l widest in the middle. 



mpying elegantly shaped 
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Flu. 26. — Colony stock of Onercu/ariir ttenotton , , t _ _._ 

tapering finely towards pedicle, which is small, rigid, and dicbolomously divided. Peristome border and ciliary disc very narrow ; the 



„ i elegant single circlet of 
resembling those of the trap-door spidi 

-Adult colony stock of zooids (Zoothu, 



200 (D'L'dekem). 

dicbotomously di' 

The general apjiearance 



pi 

inverted ]>ositi 



elongate and pyriforni, widest in middle and 
ristome border and ciliary disc very narrow ; the 
like. The zooids are provided with remarkable 



y 80. Illustrates branching distribution 



Fin. 2tf.— Terminal bramhlet of colony st-ick of zooids (Carrhainm eputylitlis) as tigured 1>y II. E. Forrest, x 300. The zooids at 
the left of the figure are expanded or open ; those at the right contracted or closed. Furnishes example of centrifugal and centripetal 
movements. 



Fin. 29.— Termination of hraiichlel showing n 
present a general Bower-like ap]>earance. 



[ilaterat distribution nf zooids (CurcAwiiim puly/nitum), x 1.10, Figs. 28 and 28 
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PLATE LXXIII 

This plate illustrates the presence of cilia in large numbers in Infusoria. They occur on various parte of 
the body and have a high significance functionally, as they act as organs of locomotion, produce currents which 
assist in alimentation, and, in some instances, entangle food. Several of the figures reveal longitudinal and trans- 
verse markings (incipient and real segmentation) ; others indicate spiral structure. 

Km. 1, — Encysted animalcule (Crratiiim ihi'tnjrnt), x 500. 

Fin. S.— Similar animalcule u itli carapace cant oft". 

Fins. 3 and 4.— Animalcule (Uymiuxlinium lath maim i) dividing W longitudinal fission, v 300. 
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Ftu. 9.— Adult zooid (Hoplitoj,hr,ia lumbri.-i), ciliated; dividing bv i 
.!..; llt .leus, x 800 (Stein). Shows trace of internal skeleton. 
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(Miiller). 

Fin. 11.— Two ciliated zooiris conjugating and fusing. 

Fin. 12. — Adult animalcule [Upalina nmarmii), ciliated ; showing rtriation, x ion. 

Fins. 13, 14, 1ft, 16, 17, and 18.— Show successive phases of division ending in the production of minute i 
two, or more nuclei. At Figa. 15 and IS are seen phases of xooid re-c merging fr->m the encysted «t"te : the ?.i 
only one nucleus that at Fig. 18 having three nuclei, the lower one of which {<•/ is ju tlie ail or subdividing. 
,...„T.i ...:>\. ...,,., ~a .,.,....a, „,„,i: in-., i ...i ..,.....,.; .„ . ;.. --nted (Ernst Zeller and Kngelinann). 
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Flu. 19.— Adult ciliated moid (Attopiopkrtpt filum), x 200. », Nucleus; «•, c, contra 



ivsicles (liny Liuikesier). 
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PLATE LXXIII (continued) 

Figs. 20 and 21. — Ciliated zooid (Trachelophyllnm apiculatum) in the extended and contracted state, n, w, Nucleus ; cv, contraetil 
vesicle, x 200 (Wrzesniowaki). These figures illustrate the power possessed by zooids of changing their shape by centrifugal am 
centripetal movements ; the centrifugal movement elongating the boay, the centripetal one shortening it (the Author). 

Fig. 22. — Adult ciliated animalcule (Otostoma carttri) showing band-like nucleus or endoplast (w), and stellate contractile vesicle 
(cv, cv), x 100 (Carter). 

Figs. 23 and 24. — Successive phases of sulxlivision of same animalcule (Fig. 22) into sporular elements (Carter). 

Figs. 25 and 26. — Urotricha lagenula and farcta, x.300 and 350. The latter (Fig. 26) shows spiral markings, n, Nucleus ; cr 
contractile vesicle (Claparede and Lachmann). 

Fio. 27. — Adult ciliated animalcule (CoUp* hirtus), x 400. Shows pronounced longitudinal and transverse markings, x 400 
w, Nucleus; cv, contractile vesicle. 

Fig. 28. — The same dividing by transverse fission, cr, Contractile vesicle. 

Figs. 29 and 30. — Ciliated animalcules (Coleps fimis and Playiopogoit coleps). n, Nucleus ; cv, contractile vesicle, x 350 and 25C 
(Clap, and Lach. and Perty). Show longitudinal and transverse mar Kings, the former most distinct. 

Figs. 31 and 32. — Supposed trichocysts with thread-like spiral filament in the extended and retracted states (Polykrikos tchwartzii), 
x 200 (Biitechli). 

Fig. 33. — Ciliated animalcule (Lacrymaria cohnii) illustrating spiral twisting of body, cr, Contractile vesicle, x 250 (Cohn). 

Fig. 34. — The same animalcule spherically contracted, n, Nucleus ; cr, contractile vesicle. These figures show with what facility 
animalcules can change iheir shape by centripetal and centrifugal movements. They have complete control over every part of their 
bodies, and their movements are voluntary (the Author). 

Fig. 35. — Ciliated adult zooid (Afetacystis truncata) showing transverse annulation (incipient segmentation), x 400 (Cohn). 

Fig. 36. — Young zooid of same animalcule (Fig. 35) as yet devoid of transverse markings. 

Figs. 37, 38, 39, and 40. — Mucous phases of encyst men t and sporular mode of multiplication in Colpoda cucullus, x 200 (Stein). 

Figs. 41 and 42. — Anophrys sarcophaga. Show longitudinal and transverse markings and segmentation, x 400 (Cohn). 

Fig. 43. — Trachelocerca phomicopterus. Shows elongated well-formed body, with fine transverse or annular markings, x300 
(Cohn). Presents worm-like appearance and displays a dist inct advance in organisation. 

Fio. 44. — Proboscella vermina, x 500. Shows fin-like, swimming arrangement in addition to cilia. 71, Nucleus ; cv, contractile 
vesicle (W. S. Kent). 

Fig. 45. — Folliculina boltoni with fiask-shajted protecting covering or lorica, x 200 (W. S. Kent). 

PLATE LXXIV 

This plate illustrates the very great variety in size and shape of Infusoria ; the presence of longitudinal, 
transverse, and spiral markings ; the prevalence of cilia and sete for natatory and feeding purposes ; the curved 
spiral form of peristome ; the power of changing shape spirally or otherwise ; the double spiral arrangements 
seen in certain immature forms, &c. 

Fig. 1. — Animalcule in an extended condition (Cho/nut teres), ciliated and free swimming, rr, Contractile vesicle, x 200 (VV. S. 
Kent). Presents slender, worm-like appearance. 

Fig. 2. — One of the largest of the animalcules (AmphUeptus gigas), ciliated, attenuate variety with contractile vesicles (cv, cv) in 
linear series along dorsal bolder ; tr, trichocysts, x 100 (Wrzesniowski). Shows well-marked longitudinal markings. 

Fig. 3. — Ltmbus velifer — adult example ; cilia comparatively long, x 400 (Cohn). Shows undulating swimming membrane and 
well-marked transverse markings. 

Fig. 4. — Normal zooid (Cyclidium glaucoma) ; setae very long and fine, w, Nucleus ; rr, contractile vesicle, xOOO (W. S. Kent). 

Fig. 5. — Young of above (Fig. 4) as yet devoid of oral membrane. Seta as in Fig. 4. 

Fig. 6. — Cyclidimn citrellus, x 300 ; set« pronounced (Cohn). 

Fig. 7. — Adult animalcule (Trachdocerca olor). rr, cv, Contractile vesicles, x300. Shows swan-like lxxly and neck covered with 
fine cilia ; the body displaying spiral marking*. This is one of the most elegant of the animalcules ; the neck when the animal is 
feeding being arched and curving in all directions. 

Figs. 8, 9, and 10. — Ciliated animalcules (M ft opus *igmoidc*) in the extended and spiral state, x 200 (Stein). Fig. 8 shows the 
animalcule in the extended state covered with cilia and displaying longitudinal and oblique markings. Fig. 9 shows it extended and 
slightly twisted and revealing pharynx (&), nucleus (n), and contractile vesicle (cr). Fig. 10 shows it with the body spirally contorted. 
The body is very plastic and can readily assume the various shapes indicated. On the contraction or shortening of the body, the 
peristome with the pharynx, for the time, describes a complex spiral circuit 

Figs. 11 and 12. — Animalcules (Itinenympha gracilis) with bodies spirally contorted; the latter (Fig. 12) revealing a row of 
spore-like bodies, x 666 (Leidy). The bodies in these cases are elongate-fusiform, flattened, band-like, and covered with fine cilia. 
They are also striated longitudinally. They display great activity and power of movement. 

Fig. 13. — Zooid (Spirostomum ambiguum) with its body extended, x 150 (Stein). The body is elongated, cylindrical, and covered 
with cilia ; the nucleus or endoplast (n) braided and cord-like, and the contractile vesicle (cr) much expanded j»osteriorly. 

Fig. 14. — A similar and larger zooid with its body spirally contorted, n, ft, Braided cord-like endoplast ; rr, cr, contractile 
vesicle extending throughout body and greatly dilated posteriorly ; or, oval aperture. This is one of the largest of the infusorial 
type and can readily be seen with the naked eye. It possesses great mobility and displays the most graceful spirals. 




Fkib. 16 and 17. — Supposed immature examples of Tritliimymphn agilit, x 500 {Leidy). Bodies elongate ovate, covered with 
four seta of cilia, the longest cilia being spirally arranged. Show U'autiful double right and left-handed spiral markings remarkably 
resembling those seen in the fir-cone, pine-apple, &c. Compare with Plate xi., Fig. 1, and Plate xxiii., Fig. 1. The appearance of spiral 
markings and arrangements in immature simple forms furnishes another proof of the fundamental nature of the spiral in organic beings 
{the Author). 

Fki. 16. — Animalcule (Pyrwmema verlau) also showing double .spiral markings, i, Ingested food [articles, x 666 (Leidy). The 
cilia in this esse are apparently absent ; the body presenting a more or leas contorted membranous appearance. 



nimalcule with ingested food particles of wood fibre (i), alio 



* undulating cord-like structures 



ith longitudinal striationa. n, Nucleus ; rv, 
x 200 {Stein). Shows elegant flask aliajie 



Fin. 18.— Ciliated a 
(«H x 088 (Leidy). 

Flo. 19. — Animalcule [FoUiculina ampulla) with ornamented lorica, x 200 (Stein). 
spirals occurring in neck and peristomal lobes of animalcule ; the segmentation or circul 
animalcule. 

Fro. 20. — Nyctothertu eordi/ormit. Body kidney-shaped, ciliated and marked i 
tnutile vesicle ; ph, vestibnlum of pharynx ; an, anal aperture, x 150 (Stein). 

Fig. 81. — Ornamental adult Bhealh or lorica of animalcule {Fiilliculma ampulla), 
neck presenting annular rings or segmentations. 

Fin. 28. — Attached fully extended animalcule (Stentor igneus), x 70. At Figs. 28 and 29 examples are given of the same 
animalcule in the free or swimming condition, n, Nucleus ; tr, contractile vesicle. Show curved, spiral arrangement of the cilia. 

Fin. 83. — StentoTpeduiilattu, x250. n, Nucleus ; er, contractile vesicle (DeFromentel). Body trumiiet-ahaped when extended, elon- 
gate ovate when contracted. Expanded peristome circular, slightly spiral, and covered with cilia. Contains numerous raised papillie 
with fine hair-like setae; the posterior adherent extremity is provided with six digitiform prolongations and four fine sets each. 

Figs. 24 and 86. — Lateral and ventral views of Trvhedina leorjiteiia, x 400 (Robin). Body tiirban-ahajied, convex above, concave 
below, supplied with two wreaths of cilia and having armature of acetabulum. Fig. 25 shows beautiful concentric, curved, and 
radiating arrangements. 

FlG. 86.— Normal zooid with elegant flask-shaped protective covering or lorica {Tintinnui lagenula), x 300 (Clap, and Lach.). 
The zooid ia provided with brush -sha|«d tuft of cilia. 

Fig. 27. — Conically contracted animalcule ( Trifhottitut ptdievlut) showing oral aperture (nr) as drawn hy Busch. 

Figs. 28 and 39. — Free-awi mining animalcules (Stmlnr igntiii), n. Nucleus ; cv, contractile vesicle, x 70. See under Fig. 82, 
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PLATE LXXV (tvtitinutd) 

Fi<;s. 10 and 11. — Extended and contracted zooid (Oxutriclut scutellum), x 360 (Cohn). Body oblong, flattened, ]x>inted anteriorly, 
rounded posteriorly and highly retractile ; peristonie-field extending liack third of l>ody ; posterior portion of body furnished witu 
transverse row of twelve slender anal styles. Illustrates the centrifugal and centripetal movements seen in the lower animal forme 
(the Author). 

Fig. 12. — Adinotricha saltans as figured by Cohn, x 360. Body elliptical and equally rounded at both ends, five large styles 
radiating from anterior lx>rder; peristome and adoral cilia produced backwards one-third of body ; small styles occur on latero- ventral 
and posterior portions of body. 

Fig. 13. — Diagrammatic longitudinal section of Uxytricha pellionella, x 400. ad, Adoral ; /r, f rontal ; r, ventral ; an, anal ; and «7, 
dorsal cilia or setae (Sterki). 

Fig. 14. — Ventral aspect of same as drawn by Stein. 

Fig. 15. — Fixed adult animalcule (Acineta stellata) seizing another animalcule, x 1000. Lorica subpyriform, its cavity terminating 
inferiprly in short, hollow stalk-like attachment ; its lateral walls at points of exit of tentacles produced outwards in fine radiating 
tubuli ; contained body stellate ; the tentacles, which vary from six to twelve, capitate; contractile vesicle (cv), single ; nucleus (n), 
spheroidal and suhcentral. Illustrates the power possessed by animalcules of seizing and transmitting food into their bodies by tentacles, 
pseudopodia, &c. The food is drawn into the body by centripetal movements ; it is seized by centrifugal movements. In the one 
case the Barcode is projected out of the body against the prey ; in the other it is drawn into the body by an opposite and counter 
movement (the Author). 

Figs. 16 and 17.— Encysted examples of same with body (Fig. 16) divided into two halves. 

Fig. 18. — Normal adult zooid (Splwerophrya urogtyla) with suckers, x 200 (Stein). 

Fig. 19. — The same dividing by transverse fission ; the anterior part provided with suckers and temporary cilia not shown. 

Fig. 20. — A similar zooid elongated and with cilia and suckers developed preparatory to subdivision, x 200 (Stein). 

Fig. 21. — Sphstrophrya pusilla, x 150 (Olaparede and Lachmann). Body minute, spherical, bearing a variable number of short, 
widely scattered suckers. Nucleus ovate ; contractile vesicle single. 

Figs. 22, 23, and 24. — Animalcules (Sphstrophrya detUorea), x 200 (Stein). Bodies illoricate, more or less spherical in form, with 
delicate capitate suckers scattered irregularly throughout the periphery ; freely swimming ; no fixed j>edicle. 

Fig. 25. — Zooid (Stichotricha mecunda) projecting from its mucilaginous sheath, x 250 (Stein). Body very active, lanceolate- 
fusiform, tapers markedly anteriorly and less posteriorly ; peristomal or adoral cilia longest at anterior extremity, diminishing as oral 
aperture is reached ; ventral setae short, marginal setae* long and slender. Anterior half of body projected from mucilaginous sheath 
to right in screw-like manner. Animalcule not unfrequently leaves its sheath and swims freely in the water. 

Fig. 26. — Adult zooid (Podocyaihus diadema) with its tentacles retracted, x 300. Lorica cup-shaped, transient, and of very 
delicate consistence, rugose or wrinkled transversely ; pedicle slender, flexuose ; suctorial tentacles few, short, occupying central 
position ; circumjacent prehensile tentacles numerous, extensile to twice the length of diameter of body, their substance finely granular. 

Fig. 27. — Vermiform zooid (Ophryttdendron Mgicum), x 400 (Fraipont). Body subcylindrical, seven or eight times as long as 
broad, attached posteriorly by sessile pedicle. 

Fig. 28. — Sessile zooid (Ophryodendron multiai pilot urn) bearing four proboscidiform organs with transverse markings, x 300 (W. 
S. Kent). Body ovate, subspherical or pyriform, pedicellate when young, sessile in adult state, adult zooid sup]>orting as many as four 
subterminally developed proboscidiform organs, whose distal extremities bear from thirty to forty cirrhase appendages. 

Fig. 29. — Distal region of zooid (Acineta vortkelloulcs) showing rudimentary development of the lorica, x 300 (Fraipont). Body 
subspherical; tentacles developed throughout exposed peripheral surface, extensile to length equal to diameter of body ; lorica 
rudimentary, consisting of small cup-shaped expansions only of distal extremity of supporting pedicle. Nucleus (n), ovate ; contractile 
vesicle (cv), single and of large size. 

Fig. 30. — Distal extremity of pedicle l>earing animalcule (Hnnimihrya yemmipara) with extended tentacles of two orders, suctorial 
and prehensile; the latter spiral in their nature, x 400 (Hertwig). Body contractile and variable in form, usually cup-shaped, widest 
anteriorly, narrow where it joins j>edicle; tentacles projected in crown-like fashion from entire anterior border, the suctorial ones 
8ul>centrallv developed, usually five or six in numl>er and short, the prehensile ones being three or four times more numerous and 
longer. The external surface of the latter are also granular in a spiral direction. Pedicle longitudinally and transversely striate ; 
contractile vesicle (cv) two or more in number ; nucleus usually scimitar-sha]>ed. Spiral character of prehensile tentacles illustrated 
at Figs. 33 and 34. 

Fig. 31. — Zooid (Sphstrophrya magna) having seized and in the act of devouring by suction half-a-dozen examples of Colpoda 
parvijrons, x 300 (Maupas). Body spherical ; tentacles distinctly capitate not exceeding fifty in number; length equal to diameter of 
iwdy, produced from all parts of periphery. Resemble in function the suctorial arms of the star-fish (the Author). 

Fig. 32. — Adult zooid (Hemiophrya tnnicata), x 250 (Fraipont). Body elliptical or subquadi angular; pedicle massive and 
irregular, three or four times length of body, same thickness as lower part of body and tapering to point of attachment, its distal end 
articulate or transversely plicate ; suctorial tentacles develop from centre of distal region of body, the prehensile tentacles (fifty or 
sixty in number) more slender and prolonged than suctorial ones, round which they form a fringe. 

Fig. 33. — Tentacle of zooid (Acindoptti rara) in the contracted condition and highly magnified, showing externally developed 
spiral fibrilla, x 000 (Robin). The proboscidiform tentacle is in this case very attenuate, or filiform when extended, its length then 
equalling five or six times that of tne body, exhibiting throughout when contracted an exteriorly developed, very delicate, plicate, 
spiral fibrilla. The tentacle is structurally and functionally spiral and very remarkable. 

Tentacle of a normal zooid (Podophrya ehngata) in a state of contraction, highly magnified, and exhibiting a spirally 

" due to the presence of a superficial spirally aeveloped granular crest or film, x 800 (W. S. Kent). The configuration 

»n in Figs. 33 and 34 is analogous to that witnessed in the spirally disposed fibrilla of the stalk of a vortieeua. The 

of the movements of the latter baffle description. They must be seen and studied in order to be even partially 
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THE VISIBLE AND INVISIBLE WORLD 

Views of Stewart, Tait, Thomson, Helmholtz, Stokes, Young, Crookes, &c. 

Professors B. Stewart and P. G. Tait, in their work, " The Unseen Universe," found their main argument on 
the " Principle of Continuity " in all things. Matter, force, and motion, according to them, pre-suppose pre-existing 
matter, force, and motion. They, however, take for granted an Invisible Universe and a First. Cause or Deity. 
Thus they state : " The argument is in favour of the production of the visible universe by means of an intelligent 
agency residing in the Invisible Universe. . . . We are led by it not only to regard the Invisible Universe as having 
existed before the present one, but the same principle drives us to acknowledge its existence in some form as a 
universe from all eternity." 

It should be noted that if the idea of continuity be carried out logically, the Unseen Universe and the First 
Cause or Deity should also have had a beginning from a pre-existing Unseen Universe and First Cause or Deity. 
To say a thing is eternal does not prove continuity in the sense in which that term is employed. " All this (in 
their opinion) follows from the Principle of Continuity, in virtue of which we make scientific progress in the know- 
ledge of things, and which leads us, whatever state of things we contemplate, to look for its antecedent in some 
previous state of things also in the Universe. This principle represents the path from the known to the unknown. 
. . . That principle of continuity which underlies not only all scientific inquiry but all action of any kind in this 
world of ours. . . . We are content to develop from the present recognised condition of things. We take the 
world as we find it, and are forced by a purely scientific process to recognise the existence of an Unseen Universe. 
We are likewise led to regard the Unseen as having given birth to the present universe. . . . We maintain that 
the visible universe — that is to say the universe of atoms — must have had its origin in time, and that while the 
Universe is, in its widest sense, alike eternal and infinite, the universe of atoms certainly cannot have existed from 
all eternity. . . . We believe that an extension of purely scientific logic drives us to receive as quite certain the 
occurrence of two events which are as incomprehensible as any miracle ; these are : the introduction of visible 
matter and its energy, and of visible living things into the universe. Furthermore, we are led by scientific analogy 
to regard the agency in virtue of which these two astounding events were brought about as an intelligent agency, 
an agency whose choice of the time for action is determined by considerations similar in their nature to those which 
influence a human being when he chooses the proper moment for the accomplishment of his purpose. . . . We 
have assumed that a study of creation leads us up to some conception of God — that we are driven by the faculties 
which He has given us to acknowledge the existence of a Paramount Power, and inasmuch as scientific thought 
leads us to regard the Universe as both infinite and eternal, so we are driven to regard this Power which underlies 
all phenomena as infinite and eternal also." 

One branch of their argument is expressed as follows : " Let us begin by stating at once that we assume, 
as absolutely self-evident, the existence of a Deity who is the Creator and Upholder of all things. Wc further look 
upon the laws of the universe as those laws according to which the beings in the universe are conditioned by the 
Governor thereof, as regards time, place, and sensation. . . . Nothing whatever lies, or can be even conceived 
to lie, outside of this sovereign and paramount influence. There is no impression made upon the bodily senses, 
no thought or other mental operation, which does not take place under conditions imposed by the will of God. . . . 
In the first place, there is God, the source of power ; secondly, there are the Conditions which He imposes ; and 
thirdly, there is the Ego, the being who is thus conditioned. ... As far as we can judge, the visible universe — 
the universe of worlds — is not eternal, while, however, the Invisible Universe, or that which we may for 
illustration at least associate with the ethereal medium, is necessarily eternal. The visible universe must have 
had its origin in time, no doubt from a nebulous condition. But in this condition it can hardly have been fit for 
the reception of life. Life must therefore have been created afterwards. We have thus at least two separate 
creations, both taking place in time — the one of matter and the other of life. And even if it were possible, which 
it is not, to get over one of the difficulties attending this hypothesis, that of creation in time, by regarding the 
visible universe as eternal ; yet even then we must regard matter and life as implying two separate creative acts 
if we assume the nebulous hypothesis to be true." 

As to the origin of life on our globe there are, I may remark, four theories : — 

(a) That life is the result of spontaneous generation ; 

(b) That matter is in some simple sense alive ; 

(c) That life has been added to matter by a creative act ; 

(d) That life has been transmitted to our planet from other planets. 
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The theory of spontaneous generation of life de novo (a) has been proved to be untenable by direct experiments 
frequently repeated. 

The theory that matter — all matter — is in some simple sense alive (b) makes demands on the imagination which 
the theory does not satisfy. " Looking upon the atom as the essential thing in the universe, the various motions 
of the atom are by this school supposed to be accompanied by a species of consciousness inconceivably simple. 
Under certain circumstances this eternal and immortal consciousness is supposed to be consistent with that which 
we call the life of the individual, while under other circumstances these two lives are not consistent with one 
another. The individual then dies, but nevertheless the simple, immortal lives of the atoms which compose his 
body remain attached to them as truly as before. 9 ' 1 

The addition of life to matter by a separate act of creation (c) is the theory generally accepted, and most 
probably the correct one. 

The life-transmission hypothesis (d) has been advocated by two of the ablest physicists of modern times, namely 

Sir William Thomson (Lord Kelvin) and Professor Helmholtz. Curiously enough, these celebrated savants arrived 

at practically similar conclusions independently and at nearly the same time. If, however, it be granted that 

the life of our planet has been derived from other planets, the problem of life is not thereby solved : the question then 

is, Whence came the life which exists in the transmitting planet or planets ? 

Lord Kelvin attempted to explain the origin of the material universe by the vortex-ring hypothesis, and 
gravitation by a modification of the hypothesis of ultra-mundane corpuscles. He affirms " that atoms are vortex- 
rings generated out of a perfect fluid filling all space," and supposes " that the ultra-mundane corpuscles are 
only a finer form of vortices." His belief that the life of our globe was transmitted from other planets by 
meteors is, in a certain sense, in accordance with the principles of continuity. It is, however, at best only a 
partial explanation. Helmholtz states his case as under : " If failure attends all our efforts to obtain a generation 
of organisms from lifeless matter, it seems to me a thoroughly correct procedure to inquire whether there has 
ever been an origination of life, or whether it is not as old as matter, and whether its germs, borne from one 
world to another, have not been developed wherever they have found a favourable soil." 2 

Professor Stokes thus speaks of life : fct Admitting to the full as highly probable, though not completely demon- 
strated, the applicability to living beings of the laws which have been ascertained with reference to dead matter, 
I felt constrained at the same time to admit the existence of a mysterious something lying beyond, a something 
sui generis which I regard, not as balancing and suspending the ordinary physical laws, but as working with them 
and through them to the attainment of a designed end. What this something which we call life may be is a pro- 
found mystery. . . . When from the phenomena of life we pass on to those of mind, we enter a region still more 
profoundly mysterious. We can readily imagine that we may here be dealing with phenomena altogether tran- 
scending those of mere life, in some such way as those of life transcend, as I have endeavoured to infer, those of 
chemistry and molecular attractions, or as the laws of chemical affinity in their turn transcend those of mere 
mechanics. Science can be expected to do but little to aid us here, since the instrument of research is itself the 
object of investigation. It can but enlighten us as to the depths of our ignorance, and lead us to look to a 
higher aid for that which most nearly concerns our well-being." 3 

Professors Stewart and Tait follow a similar line of argument. They say : " Life, whatever be its nature, 
may be supposed to penetrate into the structural depths of the universe. Its seat is in a region inaccessible to 
human inquiry, and equally inaccessible, we may well suppose, to the inquiries of the higher created intelligences. 
Intimations of its presence are no doubt constantly emerging from this region of thick darkness into the objective 
universe, but when they have reached it they obey the ordinary laws of phenomena, according to which a material 
effect implies a material antecedent. Notwithstanding all this, life exists just as surely as the Deity exists. . . . 
We have driven the creative operation of the Great First Cause into the durational depths of the universe — into 
the eternity of the past — but for all that we have not got rid of God. In like manner we have driven the mystery 
of life into the structural depths of the universe — that region of thick darkness which no created eye is able to 

1 Professor 0. Lehmanu, at a concourse of Herman physicians and physicists held at Stuttgart, endeavoured to prove that no hard and 
fast line can be drawn between the living and dead. He contended that crystals of mimerouH sultstances showed all the characteristic* of life at* 
revealed in certain of the lowest organisms ; that sulwtances which crystallise do so in a 8]>ecific form and resemble many plants ; that crystallisa- 
tion requires a germ to start with ; that some crystals are capable of growth, while others jKrisou themselves by alworbing substances contained in 
the medium investing them. He challenged the statement that living things are always fluid or {mrtially so, and that crystals are invariably 
solid. In support of this last pro]K>sitiou he maintained that liquid crystals can now be produced, and that as many as fifty varieties are already 
known. Those of soft soap afford a good example. Professor Lehmanu directed attention to some remarkable crvstallic forms occurring in 
viscous fluids which, under the mieroseoj*, are seen to be in a state of constant motion ; others being found in clear fluids each drop of which con- 
sists of a crystal ; a third form resembling a bacterium where the crystals are linked together and occasionally exhibit spiral serpentine move- 
ments. These after a time are said to break up and re-form after the manner of bacteria. The views of Professor Lehmann have, of course, to l>e 
subjected to the most severe criticism on the part of physicists and biologists tx>fore they can be accepted as forming even the l«sis of a working 
hypothesis. 

■ Nature, January 14, 1875 3 British Association Address at Exeter, 1869. 
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pierce — but we have not got rid of life." . . . " Life can be produced from life only, and this law would seem to 
give an indication that the solution of the mystery is not to be found by considering life as merely a species of 
energy." 

Darwin, Wallace, and others have endeavoured to account for life in all its forms as the outcome of 
evolution, and as apart from separate creations. They assume the existence of a primordial germ, but in so doing 
they take for granted what requires to be proved, as the primordial germ itself has to be accounted for. " Darwin 
especially imagines that all the present organisms, including man, may have been derived by the process of natural 
selection from a single primordial germ. When, however, the backward process has reached this germ, an insuperable 
difficulty presents itself. How was this germ produced ? All really scientific experience tells us that life can be 
produced from a living antecedent only ; what, then, was the antecedent of this germ ? Hypotheses have no doubt 
been started, but we cannot regard them in any other light than as an acknowledgment of a difficulty which cannot 
be overcome. ... If, then, the matter of this present visible universe be not capable of itself, that is to say, in 
virtue of the forces and qualities with which it has been endowed, of generating life, but if we must look to the 
Unseen Universe for the origin of life, this would appear to show that the peculiar collocation of matter which 
accompanies the operations of life is not a mere grouping of particles of the visible universe, but implies likewise 
some peculiarity in the connection of these with the Unseen Universe. May it not denote, in fact, some peculiarity 
of structure extending to the Unseen ? 

" In fine, to go a step further, may not life denote a peculiarity of structure which is handed over not merely 
from one stage to another — from the Invisible to the visible — but which rises upwards from the very lowest 
structural depths of the material of the universe, this material being regarded as possessed of an infinitely complex 
structure ? " 

The infinitely complex structure here referred to would, if accepted, go far to explain the extraordinary 
changes which occur in spores, seeds, and eggs when impregnated, whereby each produces only its own kind. 
These changes are most numerous and most marked in the development of the higher animals, and while the 
microscope, chemistry, and physics are wholly inadequate to deal with them, there is no room for doubt that living 
matter, as represented by the union of the male and female elements of plants and animals in reproduction and 
development, varies infinitely. I directed attention to this point as far back as 1873, when I attempted to refute 
the then prevailing idea that protoplasm and spores, seeds and eggs, were simple, homogeneous substances and 
fundamentally identical. 1 

Great strides have been made in physiology and in physics since 1873, and some have gone the length of 
asserting that the universe as a whole participates in every motion which occurs in even the smallest of atoms. 

" The law of gravitation assures us that any displacement which takes place in the very heart of the earth 
will be felt throughout the universe, and we may even imagine that the same thing will hold true of those molecular 
motions which accompany thought. For every thought we think is accompanied by a displacement and motion of 
the particles of the brain, and we may imagine that somehow these motions are propagated throughout the 
universe. . . . ' Mr. Babbage has pointed out 2 that if we had power to follow and detect the minutest effects of any 
disturbance, each particle of existing matter must be a register of all that has happened. 9 . . . 

" We must resort to the Unseen not only for the origin of the molecules of the visible universe, but also for 
an explanation of the forces which animate these molecules, and not only so, but we are always carried back from 
one order of the Unseen to another. Now if this be the case — if The Universe be constructed with successive 
orders of this description connected with one another — it is manifest that no event whatever, whether we regard 
its antecedent or its consequent, can possibly be confined to one order only, but must spread throughout The 
Entire Universe." 

This intimate blending of matter and force, which includes the molecular operations of the brain and thought, 
implies a much more intimate union between the organic and inorganic kingdoms, and between mind and matter, 
than was considered possible a few years ago. The view, however extravagant it may at first sight appear, is 
corroborated in several particulars. The recent developments in wireless telegraphy conclusively prove that the 
atoms with their corpuscles or electrons play a leading role in everything that pertains to the physical universe, 
and that they can be made the servants of intelligent, modern man. 

The advances recently made in the production and employment of electricity unequivocally point to similar 
conclusions. While electricity has played and is destined to play a leading part in physics and physiology, its 
nature and properties are no more understood than are those of the atoms. It is not yet known whether electricity 

1 "On the Relation of Plants and Animals to Inorganic Matter and on the Interaction of the Vital and Physical Forces." (/**/«*/, 15th 
November, 1873.) 

2 Ninth Bridgewater Treatise. 
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is a fluid or an elastic solid, or a form of motion within, between, or outside ethereal particles. Similarly the exact 
nature of life and force has yet to be discovered. 

Dr. Thomas Young, in his " Lectures on Natural Philosophy," thus describes the possible relations of the seen 
and unseen : " We see forms of matter, differing in subtility and mobility, under the names of solids, liquids, and 
gases; above these are the semi-material existences, which produce the phenomena of electricity and magnetism, 
and either caloric or a universal ether. Higher still, perhaps, are the causes of gravitation, and the immediate 
agents in attractions of all kinds, which exhibit some phenomena apparently still more remote from all that is 
compatible with material bodies. And of these different orders of beings, the more refined and immaterial appear 
to pervade freely the grosser. It seems therefore natural to believe that the analogy may be continued still further, 
until it rises into existences absolutely immaterial and spiritual." 

Fortunately for our race it is not necessary to have a profound knowledge of the substances and forces which 
so materially contribute to our comfort and enjoyment. At the same time it is our bounden duty to examine with 
all the energy and ability at our disposal matter and force in all their combinations as they occur in the organic 
and inorganic kingdoms. Electricity especially promises a rich harvest to the original investigator of the future. 
It is apparently the silver thread which links the seen to the unseen, the living to the dead, and which pervades 
all matter, animate and inanimate. It can be generated by living tissues, and discharged, even as the thunderbolt 
is discharged, by living animals. It can be produced from inanimate substances by friction and otherwise in such 
quantity and strength as instantly to kill animals in precisely the same way as the lightning itself does. In 
electricity we have a form of force found in the inorganic and organic kingdoms which is always available. Its 
presence in nerves, nerve centres, the spinal cord, the brain and the muscles has much significance when it is re- 
membered how intimate the connection between the spinal cord, the brain, nerves, and muscles is. The connection 
points to a substratum of matter and force pervading dead and living intelligent matter alike. The finer the matter 
and the more subtle the force, the greater, apparently, is the demand for them in nature, and the wider their 
applicability. This is especially true of ether. " Regard the ether as we please, there can be no doubt that its 
properties are of a much higher order in the arcana of nature than those of tangible matter. 9 ' 

Sir William Crookes has played a prominent and distinguished part in discovering and demonstrating the 
finer properties of matter. 

Nearly a quarter of a century ago, as was explained at a meeting of the Royal Society in March 1902, the 
results of certain famous experiments in highly rarefied tubes led Sir William to assume the existence of an 
ultra-gaseous condition of matter ; and in a memorable lecture at the meeting of the British Association in 1879 
he expressed his opinion that " in studying this fourth state of matter we seem at length to have within our grasp, 
and obedient to our control, the little individual particles which, with good warrant, are supposed to constitute the 
physical basis of the universe." Every subsequent experiment having for its object the widening and deepening 
of our knowledge of the nature of phosphorescence, magnetisation, and the heat of the electric arc has helped to 
strengthen the belief that this " radiant matter " (to use the original name for the u satellites " of Lord Kelvin, 
the " corpuscles " of Professor J. J. Thomson, and the " electrons " of Dr. Johnstone Stoney) has some of the pro- 
perties of matter and some of the properties of energy, and that physicists have at last reached that metaphysical 
borderland where matter and energy are merged in one another. According to Professor J. J. Thomson's measure- 
ments the mass of an electron is about the : ^th part of that of the hydrogen atom, and it leaves the negative 
pole with a velocity about one-half that of light. Therefore, it is easy to see that, when swarms of electrons rush 
from the negative pole and meet the knots of atoms of gas in a so-called vacuum, their power of producing light 
and heat must be very great. Sir William Crookes regards the electron as " the unit or atom of electricity," and 
thinks that a positively-charged chemical atom is one with a surplus, and a negatively -charged atom is one having 
a deficiency, of electrons. Thus he returns to Franklin's one-fluid theory of electricity. 

The electron theory explains an experiment which has long puzzled electricians. It is well known that if a 
coin be laid on a sensitive plate in absolute darkness and connected with one pole of an induction coil, the 
developed plate will show an image of the raised parts of the coin. This curious result has generally been explained 
on the assumption that the electrified stream of air — the so-called " brush discharge " — affects the film just as 
light does. But Mr. F. Sanford found that even when the coin was embedded in the centre of a block of paraffin 
three-quarters of an inch thick it could still be photographed by means of the induction coil. In this experiment 
the coin could not send off electrified air, and the old explanation is out of the question. But since electrons 
would easily pass from the coin through the paraffin to the sensitive plate, the theory of Sir William Crookes helps 
us to a satisfactory solution of the puzzle. Sir William has recently (Chemical News, 1906) added another to his 
many ingenious and bold speculations. It is well known that when the light of an incandescent body, say of the 
sun, is passed through a spectroscope, the elements present in the glowing body are shown by the lines on the 
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picture or spectrum produced. Sir William has been examining the phosphorescent glow of some rare earth*, 
the result of which is to convince him that he has found evidence of new elements. This judgment is founded on 
the manner in which certain lines are distributed in the phosphorescent spectrum. He writes : " I consider I am 
justified provisionally, and without undue insistence on what after all is only one of the many tests of newness, 
in saying that I am in possession of good evidence pointing to the existence of two, if not three, new bodies waiting 
to be isolated by chemical methods." 

It will be seen from what has been stated that matter and force are indestructible ; that matter and force 
(physically speaking) are inseparably united ; and that motion (in vortices or otherwise) is a characteristic of 
matter. 

Matter has been defined by Messrs. Balfour Stewart and Tait " as the seat or vehicle of energy — that which 
is essential to the existence of the known forms of energy, and without which there could be no transformation 
of energy/' 

The association of matter with force and with motion is exceedingly interesting and important as bearing 
upon life, reproduction, growth, and development. Plants and animals are formed from the elements of the 
universe, and the elements carry into the substance of both a certain amount of the force and movement which 
inhere in the elements as such. This explains how, under the influence of life, plants and animals assume certain 
forms and movements, especially spiral forms and movements. If this view be adopted it is seen that life and 
physical force work in the same directions, and that plants and animals, in building themselves up, at once avail 
themselves of the matter, force, and movements of the universe. Nor need this view be restricted to spiral forms 
and movements : it is equally applicable to the formation of crystals, and to all plants and animals which assume 
cry8tallic shapes and are more or less symmetrical, of which there are comparatively a very large number. 
Strictly speaking, living plants and animals are never quite, symmetrical. Spiral structures, if single, are lopsided, 
and if double, they overlap and produce symmetry of a kind. Living forms invariably diverge slightly from 
absolute symmetry. Pasteur regarded the want of symmetry in living plants and animals as the distinguishing 
characteristic of life. 

8 31. New Theory of Matter. 

It will be convenient to discuss this all-important subject at this stage, and I cannot do better than quote 
Professor 6. H. Darwin, F.R.S., who gave a lucid and interesting account of it as President of the British Association 
in 1905. He states : — 

" Until some ten years ago the essential diversity of the chemical elements was accepted by the chemist as 
an ultimate fact, and indeed the very name of atom, or that which cannot be cut, was given to what was supposed 
to be the final indivisible portion of matter. The vast edifice of modern chemistry has been built with atomic 

bricks. 

" But within the last few years the electrical researches of Lenard, Rontgen, Becquerel, the Curies, Larmor and 
Thomson, and of a host of others, have shown that the atom is not indivisible, and a flood of light has been thrown 
thereby on the ultimate constitution of matter. Amongst all these fertile investigators it seems to me that Thomson 
stands prominent, because it is principally through him that we are to-day in a better position for picturing the 
structure of an atom than was ever the case before. 

" It has been shown that the atom, previously supposed to be indivisible, really consists of a large number of 
component parts. By various convergent lines of experiment it has been proved that the simplest of all atoms, 
namely, that of hydrogen, consists of about 800 separate parts, while the number of parts in the atom of the denser 
metals must be counted by tens of thousands. These separate parts of the atom have been called corpuscles or 
electrons, and may be described as particles of negative electricity. 

" The corpuscles, being negatively electrified, repel one another just as the hairs of a person's head mutually 
repel one another when combed with a vulcanite comb. The mechanism is as yet obscure whereby the mutual 
repulsion of the negative corpuscles is restrained from breaking up the atom, but a positive electrical charge, or 
something equivalent thereto, must exist in the atom, so as to prevent disruption. The existence in the atom 
of this community of negative corpuscles is certain, and we know further that they are moving with speeds which 
may in some cases be comparable to the velocity of light, namely, 200,000 miles a second. But the mechanism 
whereby they are held together in a group is hypothetical. 

u It appears that in general there are definite arrangements of the orbits in which the corpuscles must revolve, 
if they are to be persistent or stable in their motions. Accordingly we may state that definite numbers are capable 
of association in stable communities of definite types. 



NEW THEORY OF MATTER 185 

" To obtain any adequate conception of their size we must betake ourselves to a scheme of threefold magnifica- 
tion. Lord Kelvin has shown that, if a drop of water were magnified to the size of the earth, the molecules of 
water would be of a size intermediate between that of a cricket-ball and of a marble. Now each molecule contains 
three atoms, two being of hydrogen and one of oxygen. The corpuscles may stand to the atom in a similar scale 
of magnitude. Accordingly a threefold magnification would be needed to bring these ultimate parts of the atom 
within the range of our ordinary scales of measurement. We must return to the intermediate stage of magnifica- 
tion, in which we consider those communities of atoms which form molecules. This is the field of research of the 
chemist. 

" Communities of atoms are called chemical combinations, and we know that they possess every degree of 
stability. The existence of some is so precarious that the chemist in his laboratory can barely retain them for a 
moment ; others are so stubborn that he can barely break them up. In this case dissociation and re-union into 
new forms of communities are in incessant and spontaneous progress throughout the world. 

" Stability is, further, a property of relationship to surrounding conditions ; it denotes adaptation to 
environment." 

In this connection it may be well to state that Professor De Launay, in an article on " The Evolution of Matter," 
argues that since uranium changes into radium, and radium changes into helium, there is, in general, a spontaneous 
evolution of matter going on. He mentions that M. Curie was asking himself whether not merely this uranium-radium- 
helium group, but all chemical elements, have a certain duration of life, like organised beings, but relatively much 
longer than that of the radium group. 

Matter, as the fundamental substratum of life and being, is invested with quite an extraordinary interest. This 
interest is enhanced when it is remembered that matter and mind are indissolubly associated in living beings. 
From the earliest times the nature and composition of matter has engaged the attention of mankind. 

Time was when the physical universe was believed to consist of various kinds of ponderable matter combined 
in various ways and scattered throughout space, subject to the laws of motion, the influence of chemical affinity, 
temperature, &c. ; retaining its mass unchanged, and exercising, at all distances, a force of attraction on other material 
masses according to the great law of gravitation. 

There were then certain imponderables, of which heat (phlogiston) was one, two elastic fluids, and corpuscular 
emanations to constitute light. The all-absorbing subjects of magnetism and electricity were comparatively 
unknown. Matter was believed to be indestructible, and one of its distinguishing characteristics was that it acted 
at a distance. No mention was yet made of the law of the conservation and dissipation of energy. Neither 
had the undulatory theory of light been worked out, nor the existence of ether, as a continuous substance, occupy- 
ing all space, and which made strain or instantaneous direct action, as opposed to action at a distance, possible, 
been mooted. 

About a century ago Young opened the controversy which established the undulatory theory of light, and 
necessitated the existence of a continuous medium, that medium being the modern ether. 1 The universal presence 
of ether in the universe necessary for the transmission of light not only makes action by strain or at first hand, as 
opposed to action at a distance, possible, but also accounts for the propagation of sound, the magnetic field, and 
the electric waves of wireless telegraphy. 

Faraday was the first to indicate the true nature of the magnetic field, and to establish the doctrine of 
strain or immediate action as opposed to gravitation or action at a distance. 

Magnetism had been known from the time of Thales (circa 600 B.C.), and it was a common experiment in all 
physical laboratories to show that pieces of amber or sticks of sealing-wax, if briskly rubbed with a silk hand- 
kerchief or chamois skin, attracted light substances such as hairs, small pieces of cork, &c. 

The nature of the attraction was, however, a mystery ; the magnetic field was not understood, neither was 
the relation between magnetism and electricity fully made out. The existence of electric currents, while suspected, 
had not been demonstrated. Benjamin Franklin by means of his kite and moist string drew lightning from the 
thunder-cloud, and Galvani and his assistant observed that the muscles of frogs suspended by wires were made to 
twitch during thunder-storms. There was evidently a connection, a something in common, in all these phenomena. 
The presence of ether, or a continuous inter-stellar substance occupying all space, furnished the key wherewith 
to unlock the secrets of the new discoveries. 

Matter had long been regarded as indestructible, and the question arose as to whether matter and force were 
separate and distinct entities or were associated, and, if associated, whether they were always associated or only 
occasionally. Modern research proved that force inheres in matter, and is exerted by it either as strain (action 

1 While the theory of an all-prevailing ether had been broached before Young's day, it may be said to have been established by him and 
Fresnel. 
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at first hand) or action at a distance (gravitation). This led Helmholtz and others to claim for force the 
imperishability accorded to matter. 

The law of the conservation and dissipation of energy followed as a necessary sequence. It was felt that if 
matter as represented by the elements and the ether occupied all space, force also occupied all space, and that the 
changes could be rung on matter and force to an indefinite extent throughout the universe. All this was 
intelligible, but a school has lately arisen which sets aside and dispenses with every form of gross matter, and deals 
with what may be regarded as its intangible manifestations. The new doctrine has been ably stated by Mr. Arthur 
J. Balfour in his admirable address, entitled " Reflections Suggested by the New Theory of Matter," delivered at 
Cambridge (August 17, 1904) in his capacity as President of the British Association. He says : " To-day there 
are those who regard gross matter, the matter of every -day experience, as the mere appearance of which electricity 
is the physical basis ; who think that the elementary atom of the chemist, itself far beyond the limits of direct 
perception, is but a connected system of monads or sub-atoms which are not electrified matter, but are electricity 
itself ; that these systems differ in the number of monads which they contain, in their arrangement, and in their 
motion relative to each other and to the ether ; that on these differences, and on these differences alone, depend 
the various qualities of what have hitherto been regarded as indivisible and elementary atoms ; and that while 
in most cases these atomic systems may maintain their equilibrium for periods which, compared with such astro- 
nomical processes as the cooling of a sun, may seem almost eternal, they are not less obedient to the law of change 
than the everlasting heavens themselves. 

" But if gross matter be a grouping of atoms, and if atoms be systems of electrical monads, what are these 
electrical monads ? It may be that, as Professor Larmor has suggested, they are but a modification of the 
universal ether, a modification roughly comparable to a knot in a medium which is inextensible, incomprehensible, 
and continuous. But whether this final unification be accepted or not, it is certain that these monads cannot be 
considered apart from the ether. It is on their interaction with the ether that their qualities depend ; and without 
the ether an electric theory of matter is impossible. ... A little more than a century ago electricity seemed but a 
scientific toy. It is now thought by many to constitute the reality of which matter is but the sensible expression. 
It is but a century ago that the title of an ether to a place among the constituents of the universe was authenti- 
cally established. It seems possible now that it may be the stuff out of which that universe is wholly built. When 
the sudden appearance of some new star in the telescopic field gives notice to the astronomer that he, and perhaps 
in the whole universe he alone, is witnessing the conflagration of a world, the tremendous forces by which this far-off 
tragedy is being accomplished must surely move his awe. Yet not only would the members of each separate atomic 
system pursue their relative course unchanged, while the atoms themselves were thus driven violently apart in 
flaming vapour, but the forces by which such a world is shattered are really negligible compared with those by 
which each atom of it is held together. Chemical affinity and cohesion are on this theory no more than the slight 
residual effects of the internal electrical forces which keep the atom in being. Gravitation, though it be the shaping 
force which concentrates nebulae into organised systems of suns and satellites, is trifling compared with the attrac- 
tions and repulsions with which we are familiar between electrically charged bodies ; while these again sink into 
insignificance beside the attractions and repulsions between the electric monads themselves. The irregular mole- 
cular movements which constitute heat, on which the very possibility of organic life seems absolutely to hang, 
and in whose transformations applied science is at present so largely concerned, cannot rival the kinetic energy 
stored within the molecules themselves. The starry heavens have from time immemorial moved the worship or 
the wonder of mankind. But if the dust beneath our feet be indeed compounded of innumerable systems, whose 
elements are ever in the most rapid motion, yet retain through uncounted ages their equilibrium unshaken, we 
can hardly deny that the marvels we directly see are not more worthy of admiration than those which recent dis- 
coveries have enabled us dimly to surmise. . . . Whether this vehement sentiment in favour of a simple universe 
has any theoretical justification I will not venture to pronounce. There is no d priori reason that I know of for 
expecting that the material world should be a modification of a single medium, rather than a composite structure 
built out of sixty or seventy elementary substances, eternal and eternally different." 

The new theory of matter aims at establishing simplicity and unity, and those who advocate it are disinclined 
to believe in a great number of elements. While it is possible to accept the ether theory and the doctrine of strain, 
or action at first hand, there is no need to discredit gross matter and action at a distance. The old and new 
theories of matter are not necessarily opposed to each other. The new view is in no way contrary to older theories 
of the atomic and molecular theories of matter, but is an extension and explanation of these, and, in the hands of 
Professor J. J. Thomson, has made, at any rate to physicists, a simplification and rational view of these without 
introducing the question of physical reality. It is possible to believe in what is seen and felt, and also in what is 
unseen and intangible. It is also possible to believe in action at a distance as witnessed in gravitation, and also 
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in action at inappreciable distances, as exemplified in atmospheric electric strain, cohesion, adhesion, and what- 
ever more direct and intimate relations are possible. The existence of the finer ether does not destroy the gross 
matter, neither does the most direct conceivable action destroy action at a distance. The sense organs compel 
us to believe in the grosser matter, and chemical analysis, and the microscope, with its multiple powers and 
improved definition, gradually introduce us to finer and finer matter. The limits set to the eye, the telescope, 
microscope, spectroscope, and the most refined chemical analysis forbid us to deal with ultimate matter, 
but the experience gained from the grosser matter enables us to realise and appreciate what can be neither seen 
nor felt. 

As already indicated, it was Faraday who first took exception to the doctrine of action at a distance, and 
F on his experiments and views the electric theory of matter was ultimately founded. He, however, failed to account 
for or explain away the great law of gravitation discovered by Newton. 

As pointed out by Mr. A. J. Balfour, " No scientific education is likely to make us, in our unreflective moments, 
regard the solid earth on which we stand, or the organised bodies with which our terrestrial fate is so intimately 
bound up, as consisting wholly of electric monads very sparsely scattered through the spaces which these fragments 
of matter are, by a violent metaphor, described as * occupying.' The electric theory which we have been considering 
carries us into a new region altogether. It does not confine itself to accounting for the secondary qualities of matter 
by the primary ones, or the behaviour of matter in bulk by the behaviour of matter in atoms ; it analyses matter, 
whether molar or molecular, into something which is not matter at all. The atom is now no more than the rela- 
tively vast theatre of operations in which minute monads perform their orderly evolutions ; while the monads them- 
selves are not regarded as units of matter, but as units of electricity ; so that matter is not merely explained, but 
is explained away." 

The great difficulty in accepting the new theory of matter so well stated by Mr. Balfour consists in its 
transcendentalism and its tendency to disparage the sense organs as reliable instruments for obtaining accurate 
knowledge, within limits, of things outside of ourselves. 

The trend of philosophy and recent physical speculations, in Mr. Balfour's opinion, is to show that inasmuch 
as the sense organs, even when artificially aided, cannot adequately deal with matter in its ultimate electrical con- 
dition, and inasmuch as they were constructed in a more or less perfect form ages before physical science existed, and 
even before knowledge and abstract reasoning were desiderata, therefore the senses are not safe guides for acquiring 
useful and other knowledge. This, it appears to me, is a distorted view of things, and amounts practically to a 
reductio ad abmrdum. 

Mr. Balfour virtually adopts the new theory of matter, and, in doing so, throws doubt upon the utility of the 
sense organs as instruments for acquiring knowledge, especially exact and higher knowledge. In dealing with the 
sense organs he calls to his aid the theory of " natural selection," than which, as I will show further on, there can 
be no more unsafe guide. He says : " Sense-perceptions supply the premises from which we draw all our know- 
ledge of the physical world. It is they which tell us that there is a physical world ; it is on their authority that 
we learn its character. But in order of causation they are effects due (in part) to the constitution of our organs 
of sense. What we see depends not merely on what there is to be seen, but on our eyes. What we hear depends 
not merely on what there is to hear, but on our ears. Now, eyes and ears, and all the mechanism of perception, 
have, as we know, been evolved in us and our brute progenitors by the slow operation of natural selection. And 
what is true of sense-perception is of course also true of the intellectual powers which enable us to erect upon 
the frail and narrow platform which sense-perception provides the proud fabric of the sciences. It is certain 
that our powers of sense-perception and of calculation were fully developed ages before they were effectively 
employed in searching out the secrets of physical reality — for our discoveries in this field are the triumphs but 
of yesterday. The blind forces of Natural Selection, which so admirably simulate design when they are providing 
for a present need, possess no power of prevision, and could never, except by accident, have endowed mankind, 
while in the making, with a physiological or mental outfit adapted to the higher physical investigations. So 
for as natural science can tell us, every quality of sense or intellect which does not help us to fight, to eat, and 
to bring up children, is but a by-product of the qualities which do. Our organs of sense-perception were not given 
us for purposes of research ; nor was it to aid us in meting out the heavens or dividing the atom that our powers 
of calculation and analysis were evolved from the rudimentary instincts of the animal. 

" It is presumably due to these circumstances that the beliefs of all mankind about the material surroundings 
in which it dwells are not only imperfect but fundamentally wrong. It may seem singular that down to, say, 
five years ago, our race has without exception lived and died in a world of illusions, and that its illusions, or those 
with which we are alone concerned, have not been about things remote or abstract, things transcendental or 
divine, but about what men see and handle, about those ' plain matters of fact ' among which common sense 
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daily movcH with it* moat confident step and most self-satisfied smile. If this conclusion be accepted, its conse- 
quences extend to other organs of knowledge besides those of perception. Not merely the senses, but the intellect, 
must he judged by it ; and it is hard to see why evolution, which has so lamentably failed to produce trustworthy 
instruments for obtaining the raw material of experience, should be credited with a larger measure of success 
in its provision of the physiological arrangements which condition reason in its endeavours to turn experience 

to account Natural science must ever regard knowledge as the product of irrational conditions, for in the 

last resort it knows no others." 

While admiring Mr. Balfour's forensic ability and dialectic skill I wholly disagree with him as to the place 
to be assigned to the sense organs as instruments for acquiring knowledge useful for the ordinary purposes of life, 
and also for all kinds of research, even the most abstruse. 

Am I take it, nothing can be evolved which is not originally designed and potentially involved : ex nihUo nihil 
fit. Organisms of all kinds, and sense organs in particular, are original creations : they are not haphazard, chance 
productions as Mr. Darwin and Mr. Balfour believe. Neither are they the outcome of spontaneous generation 
or evolution. The organs of the simpler and more complex organisms are fundamental — that is, they make their 
ap(>enrance at the same time as the organisms themselves. They are not after-thoughts. On the contrary, they 
are provided by a First Cause for the well-being, guidance, and perpetuation of plants and animals. The organs 
are, in every case, means to ends, and the information they give concerning external things, near and remote, is 
reliable and not illusory. 

It is inconceivable that the Creator could or would have provided animals — even the most degraded — with 
organs expressly constructed (and at the outset) to mislead and deceive, and when the argument is applied to 
man and tasted by facts it simply falls to pieces. Mr. Balfour admits that the sense organs were constructed ages 
Iwforo they were required, and when man " was in the making." This, it appears to me, is a fatal admission to his 
theory, as it is an unstinted acknowledgment, not of natural selection, but of prescience and design on the part 
of the Creator. 

Natural selection, which is said to work in an accidental, haphazard, blind way, cannot possibly take the 
place of an intelligent First Cause. Natural selection, moreover, if it really exists, which I greatly doubt, cannot 
operate upon living things before they are formed, and while yet in the womb of the future. 

The subject under discussion is less one of philosophy than of common sense. 

If there is one thing more certain than another in the universe it is that plants and animals are graduated 
— man forming the apex of a pyramid with a very wide base. It is further all but certain that plants and 
animals are arranged according to types which, while they occasionally approach indefinitely near, do not merge 
into each other or lose their identity. This explains why gaps of greater or less magnitude are constantly found 
in the Mora and fauna of the globe. Each plant and animal is perfect after a fashion, and each is provided with 
the means for guiding itself and maintaining its place in nature. The guiding power in the higher animals 
take* the form of sense organs. In the lower animals it appears as sensitive integument, sensitive hairs, sensi- 
tive antetuue* rudimentary eyes* ears, &c. As showing the special and designed nature of the sense organs in 
the lower animak it happens that ever and anon a sense organ is hyper-developed, hence the compound eye 
of the insect, the far-seeing eve of the eagle, the keen hearing of the stag, the remarkable smelling power of 
the dog. Ac. Here we have specialisations added to original endowment. Not only special organs of sense, bat 
certain sens** organs axe elaborated and differentiated to achieve predetermined and definite results in particular 
direction*. 

If it be stated that the sense organs were formed countless ages before they were required, it is quite evident 
that they cannot be the offspring of environment or of any set of external conditions : the light can no longer be 
regarded as fanning the eye. sounding bodies the ear. smelling particles the nose, sapid substances the tongue and 
palate, ami extraneous substances the skin. 

The formation of the sense organs in the lower animals before the advent of man. and ages before they were 
required for the guidance of the animak possessing them, effectually disposes of the claims put forth by the advocates 
of so-calfed natural selection. This is one of the strongest possible arguments for design, and puts the Creator and 
the thing created in their proper places. 

It when animals are being created they axe furnished with guiding powers in the shape of sense organs or 
otherwise, and if. further, the organs referred to axe formed before they are required, it is dear that the organs are 
part oc the original animak* and absttatehr necessary to it? existence. This is a wide question, but h is at the 
rvv* o£ existence ir. the animal kingdom. Deprive an animal of its sense organs, or what represents them, and 
the animal is doocued to death and the race to early extinction. It is impossible to conceive — or. if conceived* to 
Nkkyv that the sense organs on which so much intelligence and design hav* been lavished axe added (and at 
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the outset) to an animal simply to mislead and deceive it. It might very well be asked what is the object of 
life and of sense organs in animals if it be not self-guidance, self-preservation, the power of reproduction, and 
the capacity for living in harmony with other animals, with their natural surroundings. 

The world is not an illusion. It exists and is composed of a congeries of the most marvellous substances each 

adapted to the other. Everything about it is carefully thought out. The inorganic and organic kingdoms each play 

a. distinct role, but they nevertheless work in unison and according to a general plan. Nothing comes by chance. 

All nature is co-ordinated and the boundaries of its actions and re-actions are accurately limited and defined. 

The flora and fauna of the earth are complemental in the widest sense. Each is adapted to the other. The 

several parts of animals, and especially their sense organs, are necessary to the perfect individual. They are original 

and fundamental, but not redundant parts, and cannot be removed without inflicting a certain amount of injury 

on the individual. The sense organs are never " make believes." They can always be relied upon to give an 

accurate idea of things as they are. The line of argument here adopted shows how wide of the truth are all 

statements impugning the reliability of the sense organs in man. The subject assumes a graver aspect when we 

die told that not only do the sense organs habitually deceive us, but that they cannot assist us in our quest after 

science and the higher learning. 

It will be an evil day for science and the higher learning when they are divorced from the sense organs and 
^legated to the whimsical speculation of the closet philosopher. 

I know of nothing more mischievous than the depreciating and belittling of the knowledge supplied by the 
Sense organs, either as regards its accuracy or its amount. Similarly, I know of nothing more illusory and dis- 
appointing than placing reliance on the supposed facts furnished by the inner consciousness — facts which the sense 
organs can alone supply. 

There is no breach of continuity in the development of intellect from sense impressions as originally supplied 

by the skin and the sense organs. The individual who is born devoid of general sensibility and the sense organs 

cannot deal with even the most ordinary concerns of life. Still less can he grapple with the higher learning and 

the more advanced problems of science. If this be so it is mere waste of time to discuss the possibility of any one 

successfully dealing with the more recondite problems of existence, especially if he does not fall back upon the 

sense organs for his training, experiences, and ultimate intellectual power. 

They attempt an impossible task ; they seek to build a palace — a great airy structure — without foundations. 
The sense organs, I venture to assert, furnish the basis of all legitimate speculation regarding the external world ; 
without them there can be no trustworthy training for the acquisition of knowledge in the concrete. 

The senses, if not perfect at the outset, can be educated. Nature makes provision for this. The eye can avail 
itself of the microscope and telescope ; the ear can utilise the telegraph, telephone, phonograph, &c. ; and the 
senses of smelling, tasting, and touching can be sublimated and refined. 

The modern microscope, with its increased multiple powers and its greatly improved definition, gradually 
introduces us to finer and finer matter. The same is true of the spectroscope with its matchless capacity for analysis. 
This instrument possesses the extraordinary power of dealing with incandescent matter at near and incalculably 
remote distances, its bands of colour revealing unmistakably the metals present in any particular glowing body, 
wheresoever situated. The telescope and modern photography also contribute to the analysis of the heavenly 
bodies in their own peculiar way ; nor must modern chemical analysis, with its numerous startling advances and 
refinements, be overlooked. The several analytic processes have all the one object, namely, the training and per- 
fecting of the sense organs and the revelation of matter in its finer and subtler forms. 

The philosophers who ignore the sense organs literally kick away the ladder by which they have 
mounted. 

If there is a limit to the operations of the sense organs so there is a limit to the efforts of self-consciousness 
and of intellect. 

Imagination, however brilliant, can never take the place of fact, and so long as we are composed of matter, 
and the extraneous universe is material in its nature, it is idle to attempt either to ignore or evade the grosser 
matter in favour of a subtler matter. 

A simple example will illustrate my meaning. We look at a table in the centre of a well-lighted room, and can 
have no reasonable manner of doubt that the eye informs us correctly of its presence and general appearance. 
It is a matter of no moment for my present contention whether the table be composed of the grosser matter repre- 
sented by the time-honoured atoms and molecules or by the ether in vortex motion, electrical corpuscles, electrons, 
ions, &c. The same sense organs and the same intellect furnish the knowledge requisite for expiscating both 
theories : moreover, the two theories are not necessarily exclusive of each other, any more than the sense organs 
and the brain which they inform and educate are exclusive. 
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If the sense organs mislead and deceive, it is because they are in certain instances abnormal or diseased. The 
eye may give false information by its being colour-blind, by its being astigmatic, by its being myopic or pres- 
byopic, Ac. Similarly the ear may distort facts by its being deaf, by its being exposed to noises in the head or 
subject to musical spectra, by its being plugged with wax, by the closing or partial closing of the Eustachian tube, 
by disease of the bones, &c. 

In like manner the nose, mouth, and palate may abrogate their functions because of a severe catarrh in the 
head, and the sensibility of the skin may be heightened or lowered as the result of certain skin disorders. 

These abnormal results must be corrected if the sense organs are to be taken as reliable guides. The normal 
and abnormal conditions referred to are to be placed in different categories. There is no excuse for mixing the 
two and constructing a theory on the latter. 

The history of the sense organs affords an all-sufficient reply to Mr. Balfour's ingenious speculations. 

At the dawn of creation even the simplest organisms were endowed with powers which assured their life, 
growth, and continuance. At the outset they had no experience to guide them, and, as they could not take care 
of themselves, they must have been cared for. As time advanced, more complex organisms succeeded the simpler 
ones ; these were provided with organs of various kinds — the higher being furnished with sense organs. The sense 
organs were connected with special nervous arrangements, and these nervous arrangements culminated in brains 
of greater or less magnitude and power. The sense organs and the brain and its manifestations (intellectual 
faculties) became blended and identified ; they also interacted ; the sense organs became the handmaidens of 
the brain, which is the most inscrutable and wonderful of living substances. Mind and matter were united to 
each other. The sense organs were specialised living structures, and they discharged special functions ; the 
structures preceded the functions. The sense organs were conferred upon animals to guide and not to mislead 
them. If the senses do not enable us fully to realise the peculiarities of ultimate matter, it is because they are 
not sufficiently educated. If they do not convey all the knowledge desiderated and which we could wish, it does 
not follow that the information communicated is not accurate information so far as it goes. To admit defects in 
the organs of sense is to throw away the weapons by which we hope to conquer ignorance and reach the highest 
goals in science. 

It cannot be doubted that the organs of sense were originally conferred upon the higher animals and man 
for their guidance and to impart a knowledge of things external. They are the gateways through which every- 
thing outside of ourselves enters the great nervous emporium, the brain. A man minus his sense organs would 
bo absolutely helpless ; a man with highly developed sense organs is armed at every point, and master of the 
situation. He knows and can maintain his place in nature. 

One of the chief stumbling-blocks in modern zoology and physiology concerns the order of nature. Some there 
are who assert that the organs— even the organs of sense — are produced by a felt need on the part of the animal ; 
in other words, that function precedes and is the cause of structure. This means that an animal, by willing and 
voluntary effort., can compel its organs — organs of sense and otherwise — to be born and grow. Nothing can 
be more delusive. We have proof to the contrary in our own persons. No individual, however anxious or 
determined, can, by willing, add to or take from his original structures. These structures make him what he 
is, independently of himself and in spite of himself. 

The history of animals is a history of their organs. The organs are increased as we rise in the scale of 
being, but, in every instance, they are means to ends ; they represent division of labour and increased 
capacity and accuracy. They represent arrangements which enable us to deal with and interpret extraneous 
matter in the aggregate and to a great extent in detail. While the organs are forming they are practically 
of no value ; this is specially the case in the embryo and foetus — a circumstance which precludes the opera- 
tion of natural selection in any form. Natural selection, it is claimed, utilises if it does not produce variations 
from the utilitarian point of view, to meet demands set up by environment or extraneous conditions. Natural 
selection, however, as I have already explained, could, allowing it to be a reality, only act upon structures 
already in existence. Neither evolution nor natural selection could, unaided, produce the organs, and least of all 
the sense organs. 

If we an* ever to attain to an accurate and extensive knowledge of things without, and, in certain cases, within, 
ouiselves, it seems to me self-evident that we must cultivate to the utmost, not only our sense organs but also the 
brain of which they are, strictly speaking, accessories and extensions. Xo mere process of abstract reasoning will 
ever satisfactorily explain the riddles of the universe. The cosmos cannot be accounted for by an effort of the 
inner consciousness* : the philosopher, physicist, chemist, physiologist and psychologist must all work together 
and to a given end if satisfactory progress is to lie made in the higher learning and in science. 
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" (b) That life is something outside the scheme of mechanics, although it can nevertheless touch or direct 
material motion, subject always to the laws of energy and all other mechanical laws ; supplementing them, but 
contradicting or traversing them no whit. 

" This I hold to be true ; but in order to admit its truth we must recognise that triggers can be pulled — force 
exerted, and energy directed — without any introduction of energy from without ; in other words, that the energy 
of operations automatically going on in any active region of the universe — any region where transformation and 
transference of energy are continuously occurring, whether life be present or not — that this energy can by means 
of life be guided along paths that it would not automatically have taken, and can be directed so as to produce 
effects that would not otherwise have occurred ; and this without any break or suspension of the laws of 
dynamics. 

" That is where I part company with Professor James Ward in the second volume of 4 Naturalism and 
Agnosticism,' notwithstanding that I feel sure that Mr. A. J. Balfour agrees with him. 

" Those who take his view must either throw overboard the possibility of interference or guidance or willed 
action altogether, which is one alternative, or must assume that the laws of physics are only approximate and 
incomplete, which is the other alternative — the alternative favoured by Professor James Ward. I wish to argue 
that neither of these alternatives is necessary, and that there is a third or middle course of proverbial safety. 

" On a stagnant and inactive world life would be admittedly powerless ; it could only make dry bones stir in 
such a world if itself were a form of energy ; I do not suppose for a moment that it could be incarnated on such a 
world ; it is only potent where inorganic energy is in constant process of transfer and transformation. In other 
words, life can generate no trace of energy, it can only guide it. 

" Guidance is a passive exertion of force without doing work ; as a quiescent rail can guide a train to its 
destination, provided an active engine propels it. If a stone is rolling over a cliff, it is all the same to * energy ' 
whether it fall on point A or point B of the beach. But at A it shall merely dent the sand, whereas at B it shall 
strike a detonator and explode a mine. . . . John Stuart Mill used to say that our sole power over Nature was 
to move things ; but strictly speaking we cannot do even that ; we can only arrange that things shall move each 
other, and can determine by suitably pre -conceived plans the kind and direction of the motion that shall ensue at 
a given time and place. Provided always that we include in this category of ' things ' our undoubtedly material 
bodies, muscles and nerves. 

" But here is just the puzzle ; at what point does will and determination enter into the scheme ? Contem- 
plate a brain cell, whence originates a certain nerve-process whereby energy is liberated with some resultant effect ; 
what pulled the detent in that cell which started the impulse ? No doubt some chemical process, combination 
or dissociation, something atomic, occurred ; what made it occur just then and in that way ? 

" I answer, the same sort of pre -arrangement that determined whether the stone from the cliff should fall on 
point A or point B. The same kind of process that determines when and where a trigger shall be pulled so as to 
secure the anticipated slaughter of a bird. So far as energy is concerned, the explosion and the trigger-pulling 
are the same identical operations, whether the aim be exact or random. It is vitality which directs ; it is 
physical energy which is directed and controlled both in time and space. 

" I lay stress upon a study of the nature and mode of human action of the interfering or guiding kind, because 
from it we must be led if we are to form any intelligent conception of divine action. True, it might be possible 
to deny human agency or power and yet to admit the possibility of divine agency, though that would be a nebulous 
and at least inconclusive procedure ; but if we are once constrained to admit the existence and reality of human 
guidance and control, we cannot deny the possibility of such powers and action to any higher being, nor even to 
any totality of things of which we are a part. 

" The point immediately at issue turns upon the distinction between 4 force ' and ' energy.' These terms have 
been so popularly confused that it may be difficult always to discriminate them, but in physics they are absolutely 
discriminated. A force in motion is a * power ' ; it does work, and transfers energy from one body to another. But 
a force at rest — a mere statical stress, like that exerted by a pillar or a watershed — does not work, and alters 
no energy ; yet the one sustains a roof which would otherwise fall, thereby screening a portion of ground from 
vegetation ; while the other deflects a rain-drop into the Danube or the Rhine. 

" It will be said some energy is needed to pull a hair-trigger, to open the throttle-valve of an engine, to press the 
button which shall shatter a rock. Granted ; but the work-concomitants of that energy are all familiar, and 
equally present whether it be so arranged as to produce any pre-determined effect or not. The opening of the 
throttle-valve, for instance, demands just the same exertion, and results in just the same imperceptible transforma- 
tion of fully-accounted-for energy, whether it be used to start a train in accordance with a time-table and the 
guard's whistle, or whether it be pushed over as by the wind at random. The shouting of an order to a troop 
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THE ELEMENTS AND THEIR COMBINING WEIGHTS 

The present section will be most fitly terminated by the insertion of a table of " elements with their combining 
weights." The table has been carefully prepared for me by Dr. John Ferguson, Professor of Chemistry, University 
Glasgow, whose kindness I have much pleasure in acknowledging. 

The belief in the existence of elements, notwithstanding all that has been written to the contrary, is practically 
universal. Even such an astute and advanced chemist as Mendeleeff regarded the existence of elements as certain 
This famous Russian savant, so late as 1906, in discussing the " Periodic Law," in which some profess to deteci 
a proof of the validity of the assumption of a primordial matter, gave it as his opinion that such a view was un 
tenable. He declined to believe that such an inference was warranted. He saw nothing in the law inconsistent witl 
the idea of the individuality of the elements, holding that until it could be definitely shown that one elemenl 
could be transformed into another, or that ether and matter were mutually convertible, the elements must be 
regarded as distinct and separate entities, immutable and unchangeable. 

THE ELEMENTS AND THEIR COMBINING WEIGHTS 



Aluminium 

Antimony 

Argon 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Ctesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbium (Niobium) 

Copper 

Erbium 

Fluorine 

Gallium 

Germanium 

Glucinum (Beryllium) 

Gold . 

Helium 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron 

Krypton 

Lanthanum 

Lead . 

Lithium 

Magnesium 

Manganese 

Mercurv 



Al 

Sb 

A 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cb 

Cu 

E 

F 

Ga 

Ge 

Gl 

Au 

He 

H 

In 

I 

Ir 

Fe 

Kr 

La 

Pb 

Li 

Mg 

Mn 

Hg 



271 
120-2 

39-9 

750 
137-4 
208-5 

110 

79-96 
112-4 
1329 

401 

120 
140-25 

35-45 

521 

590 

940 

63-6 
166 

19 

70 

72-5 

91 

197-2 

4 

1-008 
115 
126-97 
193 
55-9 
81-8 
138 
206-9 
7-03 
24-36 
55 
200 
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Molybdenum 

Neodymium 

Neon . 

Nickel 

Nitrogen 

Osmium 

Oxygen 

Palladium . 

Phosphorus 
Platinum 
Potassium . 
Praseodymium 
■Radium 
Hhodium 
Kubidium 
Huthenium . 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 
Tantalum 
Tellurium 
Thallium 
Thorium 
Tin 

Titanium 
Tungsten (Wolfram) 
Uranium 
Vanadium . 
Xenon 
Ytterbium . 
Yttrium 
Zinc 
Zirconium . 



Mo 

Nd 

Ne 

Ni 

N 

Os 



Pd 

P 

Pt 

K 

Pr 

Ra 

Rh 

Rb 

Ru 

Sa 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

U 

V 

X 

Yb 

Yt 

Zn 

Zr 



96 
143-6 

20 

58-07 

1404 
191 

16 
106-5 

31 
194-8 

3915 
140-5 
225 
103 

85-5 
101-7 
150-3 

441 

79-2 

28-4 
107-93 

2305 

87-6 

3206 
183 
127-6 
2041 
232-5 
119 

481 
184 
238-5 

57-2 
128 
173 

89 

65-4 

90-6 



Those who advocate the doctrine that there is only one kind of matter in the universe, and one kind of force, 
assign to plants and animals the power of modifying and adapting themselves indefinitely (which really means 
fashioning and in a manner creating themselves) ; the modifications and adaptations extending over millions of 
yean — periods utterly incomprehensible to even the ablest mathematicians. 

Plants and animals are said to select and employ those powers, substances, properties, and qualities in them- 
selves which make for advance and a steady ascent towards perfection, in the absence of a First Cause and design. 
The power of natural selection is claimed for the simplest and most rudimentary plants and animals, from the monad 
to the man. Similar powers are claimed for molecules and cells in reproduction and development. Latterly, like 
claims have been made for inorganic atoms, nebula;, and all the celestial bodies wheeling in space. In this con- 
nection it should be stated that selection implies — nay more, involves — intelligence, for it necessitates the capacity 
to discriminate, assort, separate, adopt, reject, &c. 

Intelligence is a sine qua non, and the choice lies between intelligence in the atom, the molecule, the speck of 
protoplasm, the cell, or the tissue, and the Creator Who made all and Who modifies, controls, and adapts all for 
specific purposes. In order to give coherence to the extraordinary theories propounded by certain investigators 
as to the omnipotence of matter and force, and the complete absence of a First Cause and of life, the atoms are said 
to exert likes and dislikes, and to possess what is virtually a mind, and an anima or soul. Intelligence of a kind 
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is conceded, but the advanced mechanical school attributes it to the atoms and not to the Deity Who made, energises, 
and controls the atoms. The school in question transfers to matter the intelligence, or its equivalent, hitherto 
attributed to the Deity. According to it there is no duality in nature ; no Creator and created ; no tangible sub- 
stance and spirit ; no free-will ; no life after death ; no immortality. As there is no getting away from adapta- 
tion, which is another word for design, those who deny the existence of a Maker and Ruler of the universe are forced 
to ascribe a self-forming, and self-moving, and adaptive power to everything the universe contains. They, how- 
ever (and let this be noted), fail to account for the matter, force, life, and design which they encounter all along 
the line of their investigations. They assume all these things, and say that matter and force are eternal and 
indestructible, that life is the outcome of matter, and that design is mere adaptation. What cannot be proved 
they boldly take for granted. They ridicule faith in the unseen in one direction, and extol it in another direction 
when it suits their purpose. 

§ 33. Haeckel's Belief in the Omnipotence of Matter. 

Of all those who have written on the potency of matter in its relation to life, force, and cognate subjects, 
Professor Ernst Haeckel is entitled to take a foremost place. He may be considered the head of the material or 
matter " cult." I do not agree with his views, but he is entitled to an unbiassed hearing, and I propose to give 
a somewhat extended account of his conclusions — as far as possible in his own words — in order that the reader 
may be supplied with the facts necessary to form an independent judgment. Haeckel's peculiar tenets are well 
known on the continent of Europe, but have not been much studied at home ; a circumstance which makes it 
imperative to consider them somewhat fully in this portion of the work. 

Professor Haeckel advocates spontaneous generation, evolution, natural selection, heredity, descent, &c., in 
their widest sense. He completely ignores a First Cause and design, and assigns the universe and all it contains 
to accident and blind chance. He preaches matter pure and simple, and excludes everything which does not 
centre in matter, and which cannot be explained by it. He regards the highest animals, including the monkeys 
and man, as the terminal links of one long, unbroken, continuous chain, which extends itself through time and space, 
beginning with the simplest conceivable living forms (plant and animal), and culminating in the most complex, as 
represented by man. With him substance is everything, and there is only one living substance which has the power 
of modifying and adapting itself indefinitely at the bidding of environment, extraneous stimulation, natural selec- 
tion, accident and other inadequate causes ; the simplest plants and animals being, in every instance, the parents 
or progenitors of the more complex, up to man himself. 

In his opinion the most perfect and higher forms are manufactured by endless trifling modifications in the 
fulness of time out of the rudimentary and lower forms, in one continuous, unbroken series, as apart from a First 
Cause, design, and types. 

The idea of separate creations of types in plants and animals is set aside. With him every living thing runs 
into every other living thing, from the monad to the mollusc, and from the mollusc to the man. All lines of 
demarcation, all boundaries as between living things, are swept away, and one vast, interminable, inextricable tangle 
substituted. The principle of a designed, ascending series of plant and animal organisms, with variations within 
limits, is tabooed. There is no halting-place, no room or opportunity for definitions, classification, or orderly 
arrangement. No barriers of infertility are recognised. 

If, as Professor Haeckel and Mr. Darwin say, species are the result of modification, and are mutable up to 
a point, then species, according to their own showing, are illusory, inasmuch as fixity cannot logically result from 
continuous modification, however gradual and however prolonged. A species which is produced by a series of 
changes cannot consistently become stable or permanent at any period of its history. The reader has to 
decide as between a chaos of accidental modifications and adaptations in plants and animals extending over 
illimitable periods, and a designed whole in which plants and animals have, from the first, or at different periods, 
their limits or boundaries determined. In both cases there is continuity, but in the one the continuity is due to 
the endless and accidental modification of one substance as apart from a First Cause, design, and life, while in 
the other the continuity is due to the intelligent modification of various substances with life and a First Cause as 
dominant factors. 

In the former instance, development and heredity apply to the whole organic kingdom, there being no 
boundaries or natural divisions as between the several plants and animals ; in the latter instance, they apply to 
groups and types of plants and animals where divisions can be recognised and an orderly arrangement more or 
less satisfactorily established. In the one case, the ascending series consists, so to speak, of one long continuous 
flight of steps ; in the other of several flights of steps with halting places between ; that is, points of departure, 
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and goals, destinations, or points of arrival ; the steps being not only separated from each other, but also arranged 
in groups which can be individually treated as regards time and space. The ultimate result is substantially the 
same, but the mode of arriving at that result is wholly different. 

Of course, there is no necessity to divide or separate plants and animals into categories, but as one great plan 

obviously runs through the whole of nature, and design is everywhere apparent, it follows that there must be an 

orderly sequence with boundaries of a more or less rigid description. These boundaries make classification on a 

broad basis possible, but the artificial classifications of the makers or rather the manufacturers of species are not 

thereby endorsed or sanctioned. I find, for example, that living, and even dead matter, lends itself to radiating 

and concentric arrangements, and that it tends to split up longitudinally and transversely, and to produce fission 

and segmentation as seen in the branches and stems of plants, and in the limbs, vertebrae, &c, of animals. This 

circumstance makes it possible to establish a classification outside all existing classifications, and of a more 

primitive or fundamental kind. The classifications of botanists, zoologists, and Palaeontologists may be very partial 

*ad very inaccurate, but the inability adequately to grasp the situation does not seriously impair the great 

Argument for a First Cause and Design, and for the orderly arrangements which have for their object a series of 

graduated types disposed in a well-marked ascending scale. 

Haeckel thus states his case : 1 " Experience has never yet discovered for us a single immaterial substance, 
^ single force which is not dependent on matter, or a single form of energy which is not exerted by material move- 
ment, whether it be of mass, or of ether, or of both. ... (1) The universe, or the cosmos, is eternal, infinite, and 
illimitable. (2) Its substance, with its two attributes (matter and energy), fills infinite space, and is in eternal 
notion. (3) This motion runs on through infinite time as an unbroken development, with a periodic change from 
life to death, from evolution to devolution. (4) The innumerable bodies which are scattered about the space- 
filling ether all obey the same law of substance ; while the rotating masses slowly move towards their destruction 
and dissolution in one part of space, others are springing into new life and development in other quarters of the 
universe. (5) Our sun is one of these unnumbered perishable bodies, and our earth is one of the countless transitory 
planets that encircle them. (6) Our earth has gone through a long process of cooling, before water, in liquid 
form (the first condition of organic life), could settle thereon. (7) The ensuing biogenetic process, the slow develop- 
ment and transformation of countless organic forms, must have taken many millions of years — considerably over 
a hundred. 2 (8) Among the different kinds of animals which arose in the later stages of the biogenetic process on 
earth, the vertebrates have far outstripped all other competitors in the evolutionary race. (9) The most important 
branch of the vertebrates, the mammals, were developed later (during the Triassic period) from the lower amphibia 
and the reptilia. (10) The most perfect and most highly-developed branch of the class mammalia is the order 
of primates, which first put in an appearance, by development from the lowest prochoriata, at the beginning of 
the Tertiary period — at least three million years ago. (11) The youngest and most perfect twig of the branch 
primates is man, who sprang from a series of man-like apes towards the end of the Tertiary period. (12) Conse- 
quently, the so-called ' history of the world ' — that is, the brief period of a few thousand years, which measures 
the duration of civilisation — is an evanescently short episode in the long course of organic evolution, just as this, 
in turn, is merely a small portion of the history of our planetary system ; and as our mother-earth is a mere speck 
in the sunbeam in the illimitable universe, so man himself is but a tiny grain of protoplasm in the perishable frame- 
work of organic nature. All the different philosophical tendencies may, from the point of view of modern science, 
be ranged in two antagonistic groups ; they represent either a dualistic or a monistic interpretation of the cosmos. 
The former is usually bound up with teleological and idealistic dogmas, the latter with mechanical and realistic 
theories. Dualism, in the widest sense, breaks up the universe into two entirely distinct substances — the material 
world and an immaterial God, Who is represented to be its creator, sustainer, and ruler. Monism, on the contrary 
(likewise taken in its widest sense), recognises one sole substance in the universe, which is at once ' God and 
Nature ' ; body and spirit (or matter and energy) it holds to be inseparable. The extra-mundane God of dualism 
leads necessarily to Theism ; the intra-mundane God of the monist to Pantheism. . . . The whole animal world 
falls into two essentially different groups, the unicellular primitive animals (Protozoa) and the multicellular animals 
with complex tissues (Metazoa). The entire organism of the protozoon (the rhizopods or the infusoria) remains 
throughout life a single simple cell (or occasionally a loose colony of cells without the formation of tissue, a coenobium). 
The organism of the metazoon, on the contrary, is only unicellular at the commencement, and is subsequently built 
up of a number of cells which form tissues. The theory of a cell-soul is completely established by an accurate study 
of the unicellular protozoa, the psychic phenomena of the protiste form, the bridge which unites the chemical 

1 "The Riddle of the Universe," by Professor Ernst Haeckel, M.D., LL.D., D.Sc, kc. Watts k Co., London, 1902. 

2 It will be observed that in (ti) and (7) Haeckel tacitly refers the existence of life on the earth to s^ioiitaneous generation, a wholly discredited 
and impossible doctrine. 
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processes of inorganic nature with the mental life of the highest animals. For all these phenomena — indeed, for 
all phenomena both in nature and in the mind — Lamarck takes exclusively mechanical, physical, and chemical 
activities to be the true efficient causes. Darwin refers them to natural selection. ... All the phenomena of 
the psychic life are, without exception, bound up with certain material changes in the living substance of the body, 
the protoplasm. We have given to that part of the protoplasm which seems to be the indispensable substratum 
of psychic life the name of psychoplasm (the soul-substance in the monistic sense) ; in other words, we do not 
attribute any peculiar ' essence ' to it, but we consider the psyche to be merely a collective idea of all the psychic 
functions of protoplasm. In this sense the ' soul ' is merely a physiological abstraction like ' assimilation ' or 
'generation.' ... In the unicellular protists, the psychoplasm is identified either with the whole of the living 
protoplasm of the simple cell or with a portion of it. In all cases, in the lowest as well as the highest stages of 
the psychological hierarchy, a certain chemical composition and a certain physical activity of the psychoplasm 
are indispensable before the ' soul ' can function or act. That is equally true of the elementary psychic function 
of the plasmatic sensation and movement of the protozoa, and of the complex functions of the sense-organs and 
the brain in the higher animals and man. The activity of the psychoplasm, which we call the ' soul,' is always 
connected with metabolism. ... All living organisms without exception have the faculty of spontaneous movement, 
in contradistinction to the rigidity and inertia of unorganised substances (for example, crystals) ; in other words, 
certain changes of place of the particles occur in the living psychoplasm from internal causes, which have their 
source in its own chemical composition. ... At the lowest stage of organisation, in the lowest protists, the 
stimuli of the outer world (heat, light, electricity, &c), cause in the indifferent protoplasm only those indispensable 
movements of growth and nutrition which are common to all organisms and are absolutely necessary for their 
preservation. That is also the case in most of the plants. . . . The automatic and the reflex movements which 
we observe everywhere, even in the unicellular protists, seem to be the outcome of inclinations which are insepar- 
ably connected with the very idea of life. Even in the plants and lowest animals these inclinations, or tropisms, 
seem to be the joint outcome of the inclinations of all the combined individual cells. When two cells meet as 
a result of copulation, or when they are brought into contact through artificial fertilisation] (in the fishes, for 
instance), they attract each other and become firmly attached. The main cause of this cellular attraction is a 
chemical sensitive action of the protoplasm, allied to smell or taste, which we call ' erotic chemicotropism ' ; it may 
also be correctly (both in the chemical and the romantic sense) termed cellular affinity or ' sexual cell-love.'^- On 
a critical study of these different embryonic formations, the evolution of which from each other we can directly 
observe under the microscope, we arrive, by means of the great law of biogeny, at a series of most important con- 
clusions as to the chief stages in the development of our psychic life. We may distinguish (1) Unicellular protozoa 
with a simple cell-soul : the infusoria. (2) Multicellular protozoa with a communal soul : the catallacta. (3) The 
earliest metazoa with an epithelial soul : the platodes. . . . The earliest ancestors of man and all other animals 
were unicellular protozoa. This fundamental hypothesis of rational phylogeny is based, in virtue of the phylo- 
genetic law, on the familiar embryological fact that every man, like every other metazoon (that is, every multi- 
cellular organism with tissues), begins his personal existence as a simple cell, the stem-cell (cytula), or the 
impregnated egg-cell. As this cell has a ' soul ' from the commencement, so had also the corresponding unicellular, 
ancestral forms, which were represented in the oldest series of man's ancestors by a number of different protozoa. 
. . . Every living cell has psychic properties, and the psychic life of the multicellular animals and plants is merely 
the sum-total of the psychic functions of the cells which build up their structure. In the lower groups (in algae 
and sponges for instance) all the cells of the body have an equal share in it (or with very slight differences) ; in 
the higher groups, in harmony with the law of the ' division of labour,' only a select portion of them are involved 
— 4 the soul-cells.' . . . We find the highest development of the animal cell-soul in the class of ciliata, or ciliated 
infusoria. The unicellular protozoa give proof of the possession of a highly-developed ' cell-soul,' which is of great 
interest for a correct decision as to the psyche of our earliest unicellular ancestors. . . . The tissue-soul (histo- 
psyche) : in all multicellular, tissue-forming plants (metaphyta) and in the lowest, nerveless classes of tissue-forming 
animals (metazoa) we have to distinguish two different forms of psychic activity — namely (1) the psyche of the 
individual cells which compose the tissue, and (2) the psyche of the tissue itself, or of the ' cell-state ' which is 
made up of the tissues. This ' tissue-soul ' is the higher psychological function which gives physiological indi- 
viduality to the compound multicellular organism as a true ' cell-commonwealth.' It controls all the separate 
4 cell-souls ' of the social cells — the mutually dependent ' citizens ' which constitute the community. . . . The 
plant-soul (phytopsyche) is, in our view, the summary of the entire psychic activity of the tissue-forming multi- 
cellular plant (the metaphyton, as distinct from the unicellular -protophyUm). . . . The soul of the nerveless metazoa. 
Of very special interest for comparative psychology in general, and for the phylogeny of the animal soul in 
particular, is the psychic activity of those lower metazoa which have tissues, and sometimes differentiated organs, 
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but no nerves or specific organs of sense. The nerve-soul (neuropsyche) ; the psychic life of all the higher animals 
is conducted, as in man, by means of a more or less complicated ' psychic apparatus. 9 This apparatus is always 
composed of three chief sections : the organs of sense are responsible for various sensations ; the muscles effect the 
movements ; the nerves form the connection between the two by means of a special central organ, the brain or 
ganglion. The ganglionic cells, or ' psychic-cells/ which compose the central nervous organ, are the most perfect 
of all organic elements ; they not only conduct the commerce between the muscles and the organs of sense, but 
they also effect the highest performances of the animal soul, the formation of ideas and thoughts, and especially 
consciousness. The long ancestral history of our ' vertebrate-soul ' commences with the formation of the most 
mdimentary spinal cord in the earliest acrania ; slowly and gradually, through a period of many millions of years, 
it conducts to that marvellous structure of the human brain which seems to entitle the highest primate form to 
quite an exceptional position in nature. No phenomenon of the life of the soul is so wonderful and so variously 
interpreted as consciousness. Consciousness is a vital property of every cell. It is found in all organisms, animal 
or vegetal, but not in lifeless bodies (such as crystals). This opinion is usually associated with the idea that all 
organisms (as distinguished from inorganic substances) have souls : the three ideas — life, soul, and consciousness — 
are then taken to be co-extensive. Fechner has endeavoured to prove that the plant has a ' soul, 9 in the same 
sense as an animal is said to have one ; and many credit the vegetal soul with a consciousness similar to that of 
the animal soul. In truth, the remarkable stimulated movements of the leaves of the sensitive plants (the mimosa, 
drosera, and dionaea), the automatic movements of other plants (the clover and wood-sorrel, and especially the 
Hedysarum), the movements of the ' sleeping plants ' (particularly the papilionacea), &c., are strikingly similar to 
the movements of the lower animal forms : whoever ascribes consciousness to the latter cannot refuse it to such 
vegetal forms. The peculiar phenomenon of consciousness is not, as du Bois-Raymond and the dualistic school 
would have us believe, a completely * transcendental ' problem ; it is, as I (Haeckel) showed thirty-three years ago, 
a physiological problem, and, as such, must be reduced to the phenomena of physics and chemistry. The con- 
ception of the soul as a ' substance ' is far from clear to many psychologists ; sometimes it is regarded as an 
' immaterial ' entity of a peculiar character in an abstract and idealistic sense, sometimes in a concrete and realistic 
sense, and sometimes as a confused tertium quid between the two. If we adhere to the monistic idea of substance, 
we find energy and matter inseparably associated in it. We must distinguish in the ' substance of the soul ! ' the 
characteristic psychic energy which is all we perceive (sensation, perception, volition, &c.), and the psychic matter, 
which is the indispensable basis of its activity — that is, the living protoplasm. Thus, in the higher animals the 
' matter ' of the soul is a part of the nervous system ; in the lower nerveless animals and plants it is a part of the 
multicellular protoplasmic body ; and in the unicellular protists it is a part of their protoplasmic cell-body. The 
supreme and all-pervading law of nature, the true and only cosmological law, is, in my opinion (Haeckel), the law 
of substance ; all other known laws of nature are subordinate to it. Under the name of ' law of substance ' we 
embrace two supreme laws of different origin and age — the older is the chemical law of the ' conservation of matter,' 
and the younger is the physical law of the ' conservation of energy.' Among the various modifications which the 
fundamental idea of substance has undergone in modern physics, in association with the prevalent atomism, we 
shall select only two of the most divergent theories for a brief discussion, the kinetic and the pyknotic. Both 
theories agree that we have succeeded in reducing all the different forces of nature to one common original force ; 
gravity and chemical action, electricity and magnetism, light and heat, &c., are only different manifestations, 
forms, or dynamodes, of a single primitive force (prodynamis). This fundamental force is generally conceived as 
a vibratory motion of the smallest particles of matter — a vibration of atoms. The atoms themselves, according 
to the usual ' kinetic theory of substance, 9 are dead, separate particles of matter, which dance to and fro in empty 
space and act at a distance. The real founder and most distinguished representative of the kinetic theory is 
Newton, the famous discoverer of the law of gravitation. In his great work, the PhUosophiae Naturalis Prineipia 
Mathematica (1687), he showed that throughout the universe the same law of attraction controls the unvarying 
constancy of gravitation ; the attraction of two particles being in direct proportion to their mass and in inverse 
proportion to the square of their distance. This universal force of gravity is at work in the fall of an apple and 
the tidal wave no less than in the course of the planets round the sun and the movements of all the heavenly bodies. 
In fundamental opposition to the theory of vibration, or the kinetic theory of substance, we have the modern 
theory of ft condensation, 9 or the pyknotic theory of substance. It is most ably established in the suggestive work of 
J. C. Vogt on " The Nature of Electricity and Magnetism on the Basis of a Simplified Conception of Substance " (1891). 
Vogt assumes the primitive force of the world, the universal prodynamis, to be, not the vibration or oscillation of 
particles in empty space, but the condensation of a simple primitive substance, which fills the infinity of space in 
an unbroken continuity. Its sole inherent mechanical form of activity consists in a tendency to condensation 
or contraction, which produces infinitesimal centres of condensation ; these may change their degree of thickness, 
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and, therefore, their volume, but are constant as such. These minute parts of the universal substance, the 
centres of condensation, which might be called pyknatoms, correspond in general to the ultimate separate atoms 
of the kinetic theory ; they differ, however, very considerably in that they are credited with sensation and inclina- 
tion (or will-movement of the simplest form), with ' souls,' in a certain sense — in harmony with the old theory of 
Empedocles of the ' love and hatred of the elements.' Moreover, these atoms with ' souls ' do not float in empty 
space, but in the continuous, extremely attenuated intermediate substance, which represents the uncondensed 
portion of the primitive matter. By means of certain constellations, centres of perturbation, or systems of 
* deformation,' great masses of centres of condensation quickly unite in immense proportions, and so obtain a 
preponderance over the surrounding masses. By that process the primitive substance, which in its original state 
of quiescence had the same mean consistency throughout, divides or differentiates into two kinds. The centres 
of disturbance, which positively exceed the mean consistency in virtue of the pyknosis or condensation, form the 
ponderable matter of bodies ; the finer, intermediate substance, which occupies the space between them, and 
negatively falls below the mean consistency, forms the ether, or imponderable matter. As a consequence of this 
division in the mass and ether there ensues a ceaseless struggle between the two antagonistic elements, and this 
struggle is the source of all physical processes. The positive ponderable matter, the element with the feeling of 
like or desire, is continually striving to complete the process of condensation, and thus collecting an enormous 
amount of potential energy ; the negative, imponderable matter, on the other hand, offers a perpetual and equal 
resistance to the further increase of its strain and of the feeling of dislike connected therewith, and thus gathers 
the utmost amount of actual energy. The two fundamental forms of substance, ponderable matter and ether, 
are not dead, and only moved by extrinsic force, but they are endowed with sensation and will (though, naturally, 
of the lowest grade) ; they experience an inclination for condensation, a dislike of strain ; they strive after the 
one and struggle against the other. 

" There is no such thing as empty space ; that part of space which is not occupied with ponderable atoms is 
filled with ether. 

" There is no such thing as an action at a distance through perfectly empty space ; all action of bodies upon 
each other is either determined by immediate contact or is effected by the mediation of ether. Every shade of 
inclination, from complete indifference to the fiercest passion, is exemplified in the chemical relation of the various 
elements towards each other, just as we find in the psychology of man, and especially in the life of the sexes. 
This fundamental unity of affinity in the whole of nature, from the simplest chemical process to the most complicated 
love story, was recognised by the great Greek scientist, Empedocles, in the fifth century B.C., in his theory of 
4 the love and hatred of the elements.' It receives empirical confirmation from the interesting progress of 
cellular psychology, the great significance of which we have only learned to appreciate in the last thirty years. On 
those phenomena we base our conviction that even the atom is not without a rudimentary form of sensation and 
will, or, as it is better expressed, of feeling (wsthesis) and inclination (tropesis) — that is, a universal ' soul ' of the 
simplest character. The same must be said of the molecules which are composed of two or more atoms. Further 
combinations of different kinds of these molecules give rise to simple and, subsequently, complex chemical com- 
pounds, in the activity of which the same phenomena are repeated in a more complicated form. One of the first 
things to be proved by the law of substance is the basic fact that any natural force can be directly or indirectly 
converted into any other. Mechanical and chemical energy, sound and heat, light and electricity, are mutually 
convertible ; they seem to be but different modes of one and the same fundamental force or energy. This funda- 
mental principle is now generally recognised in the entire province of physics and chemistry, as far as it applies 
to inorganic substances. 

" It seems to be otherwise with the organic world and its wealth of colour and form. It is, of course, obvious 
that a great part of the phenomena of life may be immediately traced to mechanical and chemical energy, and to 
the effects of electricity and light- For other vital processes, however, especially for psychic activity and con- 
sciousness, such an interpretation is vigorously contested. Yet the modern science of evolution has achieved the 
task of constructing a bridge between these two apparently irreconcilable provinces. We are now certain that all 
the phenomena of organic life are subject to the universal law of substance no less than the phenomena of the 
inorganic universe. The combination of elements which are peculiar to organisms, and which are responsible for 
their vital phenomena, are compound protoplasmic substances, of the group of albuminoids. Organic life itself is 
a chemico-physical process, based on the metabolism (or interchange of material) of these albuminoids. The 
onlv element which is capable of building up these compound albuminoids, in combination with other elements 
(oxygen, hydrogen, nitrogen, and sulphur), is carbon. The peculiar chemico-physical properties of carbon — especi- 
ally the fluidity and the facility of decomposition of the most elaborate albuminoid compounds of carbon — are the 
sole and the mechanical causes of the specific phenomena of movement which distinguish organic from inorganic 
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substances, and which are called life, in the usual sense of the word. The old idea of spontaneous generation is 
now taken in many different senses. I (Haeckel) restrict it to the first development of living protoplasm out of 
inorganic carbonates,, and distinguish two phases in this beginning of biogenesis : (1) autogvny, or the rise of the 
{amplest protoplasmic substances in a formative fluid, and (2) plasmogony, the differentiation of individual primitive 
organisms out of these protoplasmic compounds in the form of monera. . . . Since Darwin gave us the key to the 
monistic explanation of organisation in his theory of ' selection ' forty years ago, it has become possible for us to 
trace the splendid variety of orderly tendencies of the organic world to mechanical, natural causes." 

§ 34. Mechanical Views of Kant and Laplace as Interpreted by Haeckel. 

Haeckel continuing adds : " Since Newton (1682) formulated the law of gravitation, and Kant (1755) established 
* the constitution and mechanical origin of the entire fabric of the world on Newtonian laws, 9 and Laplace (1796) 
provided a mathematical foundation for this law of cosmic mechanism, the whole of the inorganic sciences have 
lecome purely mechanical, and at the same time purely atheistic. Astronomy, cosmogony, geology, meteorology, 
and inorganic physics and chemistry are now absolutely ruled by mechanical laws on a mathematical foundation. 
The idea of ' design ' has wholly disappeared from this vast province of science. The anthropomorphic notion 
of a deliberate architect and ruler of the world has gone for ever from this field ; the eternal, iron laws of ' nature ' 
have taken his place. 

" But the idea of design has a very great significance and application in the organic world. We do undeniably 
perceive a purpose in the structure and in the life of an organism. The plant and the animal seem to be controlled 
by a definite design in the combination of their several parts, just as clearly as we see in the machines which man 
invents and constructs ; as long as life continues the functions of the several organs are directed to definite ends, 
just as is the operation of the various parts of a machine. Hence it was quite natural that the older naive study 
of nature, in explaining the origin and activity of the living being, should postulate a creator who had ' arranged 
all things with wisdom and understanding,' and had constructed each plant and animal according to the special 
purpose of its life. The conception of this ' almighty creator of heaven and earth ' was usually quite anthro- 
pomorphic ; he created * everything after its kind.' As long as the creator seemed to man to be of human 
shape, to think with his brain, see with his eyes, and fashion with his hand, it was possible to form a definite 
picture of this 4 divine engineer ' and his artistic work in the great workshop of creation. This was not so 
easy when the idea of God became refined, and man saw in his ' invisible God ' a creator without organs — a 
gaseous being. Still more unintelligible did these anthropomorphic ideas become when physiology substituted 
for the conscious, divine architect ' an unconscious, creative vital force ' — a mysterious, purposive, natural force, 
which differed from the familiar forces of physics and chemistry, and only took these in part, during life, into its 
service. . . . 

" Nowhere in the evolution of animals and plants do we find any trace of design, but merely the inevitable 
outcome of the struggle for existence, the blind controller, instead of the provident God, that effects the changes 
of organic forms by a mutual action of the laws of heredity and adaptation. And there is no more trace of 
'design' in the embryology of the individual plant, animal, or man. Throughout the whole of astronomy, 
geology, physics, and chemistry there is no question to-day of a * moral order ' or a personal God, whose * hand 
hath disposed all things in wisdom and understanding.' And the same must be said of the entire field of biology, 
the whole constitution and history of organic nature, if we set aside the question of man for the moment. Darwin 
has not only proved by his theory of selection that the orderly processes in the life and structure of animals and 
plants have arisen by mechanical laws without any preconceived design, but he has shown us 'in the struggle 
for life ' the powerful natural force which has exerted supreme control over the entire course of organic evolution 
for millions of years. . . . The anthropomorphic character of this notion, generally closely connected with belief in a 
personal God, is quite obvious. Belief in a ' loving Father' who unceasingly guides the destinies of 1,500,000,000 
men on our planet, and is attentive at all times to their millions of contradictory prayers and pious wishes, is 
absolutely impossible ; that is at once perceived on laying aside the coloured spectacles of faith, and reflecting 
rationally on the subject. Since impartial study of the evolution of the world teaches us that there is no definite 
aim and no special purpose to be traced in it, there seems to be no alternative but to leave everything to blind 
chance. The development of the universe is a monistic, mechanical process, in which we discover no aim or pur- 
pose whatever ; what we call design in the organic world is a special result of biological agencies ; neither in the 
evolution of the heavenly bodies nor in that of the crust of our earth do we find any trace of a controlling purpose 
ril is the result of chance." 

The foregoing quotations fairly and fully express the views of Haeckel, and of Darwin as interpreted by 
vol. 1. 2 c 
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Haeckel. It is seldom that such astounding assertions have been so dogmatically and unblushingly launched 
upon the scientific and semi-scientific public. They carry with them no proof, and have nothing whatever to 
recommend them unless it be the overweening confidence of one who seeks to turn the universe, and all it con- 
tains, topsy-turvy, and to obliterate all traces of law and order, design, and a Creator in favour of blind chance 
and a vain belief in the potency of matter as such. Haeckel's wild speculations are not supported by even a tittle 
of evidence which is worthy of the name. If his personality and that of Darwin be eliminated there is posi- 
tively nothing left which would entitle such pernicious views to be tolerated for even a single day. They destroy 
faith, and cajole and coerce, rather than convince, the reasoning faculty. The conclusions arrived at, every- 
thing considered, are lame, halting, and impotent. Theories which substitute chance and so-called natural forces 
and mechanics for a Creator and Design and for Law and Order, and which require over one hundred millions 
of years for their verification, are not likely to find favour in the future with thoughtful, educated men. The best 
intellects will refuse adherence to what are, at best, colossal hypotheses. Moreover, Haeckel contradicts himself. 
At one part of his writings, as already stated, he says : " But the idea of design has a very great significance and 
application in the organic world. We do undeniably perceive a purpose in the structure and in the life of an 
organism. The plant and the animal seem to be controlled by a definite design in the combination of their several 
parts, just as clearly as we see in the machines which man invents and constructs. . . . Nowhere in the evolu- 
tion of animals and plants do we find any trace of design, but merely the inevitable outcome of the struggle for 
existence, the blind controller, instead of the provident God, that effects the changes of organic forms by a mutual 
action of the laws of heredity and adaptation. And there is no more trace of ' design ' in the embryology of the 
individual plant, animal, or man. . . . What we call design in the organic world is a special result of biological 
agencies ; neither in the evolution of the heavenly bodies nor in that of the crust of our earth do we find any trace 
of a controlling purpose — all is the result of chance." If evolution in its extended form has of late years found 
favour with the multitude and with ordinary unscientific readers, it is because the doctrine has been tricked out 
to present a new and fashionable appearance, and because it gives a free rein to the imagination. Evolution in 
the widest sense cannot be proved, and is, to a large extent, unthinkable. The public, in these sensational times, 
swallow blindly and eagerly what stimulates the palate, especially if what is swallowed does not require to be 
personally digested and assimilated. 

It is important to point out in this connection, that Professor Haeckel and Mr. Darwin, and those who think 
with them, obscure the issue by the inexact use of language. Thus Haeckel employs the same phraseology when 
explaining his monistic, mechanical views of life as is employed by the Vitalists and Creationists in describing 
their dualistic and non-mechanical views. He attributes sensation, consciousness, a soul, likes and dislikes, and 
other peculiarities of life to atoms and molecules, which, in modern times, have been invariably regarded as dead 
substances. He revives an old pagan idea. In like manner, Darwin employs the phrase " natural selection " 
as co-extensive with the phrase " artificial selection," which it certainly is not. Such lax use of terms is at once 
confusing and misleading. Artificial selection necessitates an intelligent selector outside the thing selected : 
natural selection, as employed by Darwin and his disciples, means a power inhering in plants and animals (not 
credited with intelligence) by which they blindly select and perpetuate desirable structures, properties, and qualities 
in themselves, to the exclusion of others which are not desirable. Plants and animals do not possess the powers 
claimed for them. We have proofs of this in our own persons. We cannot add to or take from any part of 
our body. We cannot by wishing, or even by a strong effort of will, become taller or shorter : we cannot grow 
wings, however much we may desire to fly : we cannot change the colour of our skin or eyes : we cannot grow a 
third set of teeth when the permanent teeth fail, or a new crop of hair when alopecia sets in : we cannot become 
beautiful if nature has cast us in a homely mould. In a word, we are absolutely helpless if we attempt to change 
our bodily parts, even in the slightest degree. We have certainly no power to select and perpetuate what we might 
consider our better parts to the exclusion and detriment of our inferior parts. If that be so, it follows that plants 
and animals have even less power in the direction indicated. To the vague language employed by Darwin in the 
so-called theory of " natural selection " is to be traced the original and growing confusion which dogs it at every 
step. Of the many who talk of " natural selection " very few have the faintest idea of what it actually means. 
It is, at best, a mere phrase, and it is, unfortunately for science and truth, a very misleading and mischievous one. 
Similar remarks are to be made of other catch phrases, such as the " struggle for existence " and " the survival 
of the fittest." Nature, in normal conditions, furnishes her living things with an abundant supply of food — 
no struggle being required — and it is the strongest and best which, under ordinary circumstances, perpetuate 
themselves. 
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i 35. Professor Huxley's Views on Evolution, especially in connection with the Reptile, the Bird, and 
the Horse. 

Professor Huxley approaches the subject of evolution with considerable caution, and discusses it in his 
"Lectures and Essays" with remarkable adroitness and skill. His utterances are characterised by great frank- 
ness and lucidity of statement. He divides his argument in favour of evolution into two parts— one of which 
may be said to be constructive, the other destructive. The constructive part of the argument is admirably put, 
and with it I substantially agree. In the destructive part he is less satisfactory and convincing, and with it I find 
myself ever and anon at issue. 

It would occupy too much time and space to state his argument at length. I will therefore content myself 
with liberal abstracts from it couched, for the most part, in his own incisive language. 

His argument, it appears to me, is strongest where he deals with geologic types and with their persistency 

and permanency in time and space ; and weakest where he attempts to set up connecting links, or, as he calls 

them, sub- groups (intercalary forms), with a view to running together and merging the several types of animals. 

In the sub-groups, the types themselves virtually disappear, even such distinct types as are represented by the 

reptile and bird respectively. 

These sub-groups, if sufficient time and space be allowed, are said gradually to displace the types, or, what 
comes to the same thing, they run the types into each other, and so establish a line of descent and consanguinity. 
In this way he refers the descent of the bird to the reptile and the one-toed horse to a remote five- toed ancestor. 
If intermediary or intercalary forms be accepted, everything connected with evolution becomes possible. The 
intermediary groups provide endless connecting links, and when they are absent they are assumed to exist as 
fci missing links," which is a very convenient arrangement for those who support the doctrine of evolution in its 
entirety. Of course, it is very comforting to all such to be able to say, when an intermediate link is not forth- 
coming, that it is a " missing link," and will be found sooner or later as science advances. 

The destructive part of the argument, as indicated, has for its object to break down all outstanding differences 
between animals (which is equivalent to the obliteration of types), and to set up a sliding scale which merges, or 
is calculated to merge, one animal into another. This is an insidious form of argument, and demolishes quietly, but 
effectively, all distinctions, great and small. 

The constructive part of the argument leads in quite another direction, and seeks to set up fundamental 
distinctions, boundaries, order, and design. 

While fully admitting that there are types of plants and animals adapted to special times and to particular 
localities, and that typical plants and animals in certain cases approach each other indefinitely near, I am not of 
those who believe that all plants and all animals merge into each other by insensible gradations. I hold that the 
fundamental differences between typical plants and animals cannot be got rid of by the introduction of hypo- 
thetical intermediary groups, however numerous, and however quickly they follow each other. I hold, moreover, 
that the theoretical intermediary groups or intercalary forms are assigned a much too important place in classi- 
fication, and cannot logically be employed as reliable material in tracing the descent of the bird from the reptile 
or the one-toed horse from an ancient five-toed ancestor. 

The intermediary groups in animals (allowing they exist) display, in not a few cases, fewer modifications and 
adaptations than are found in the limbs and travelling organs, which, whatever the class of the animal, have rigidly 
to conform to the requirements of land, water, and air transit. In the travelling organs there are what may be 
designated connecting links in locomotion, but no one thinks on this account of tracing the descent of the bird 
and bat to the insect, the reptile to the fish, or the mammal to the reptile. 

The flying lemur and flying lizard, in the matter of locomotion, connect the land with the air, and the flying 
fish the water with the air ; but the flying lemur and flying lizard are riot descended from or connected in any 
way with the extinct pterodactyls. All that can be said is that both are flying creatures, and in this respect bear 
a general resemblance to each other. The animals which live in the water must all conform to the fish type, and 
display swimming tails, fins, flippers or webbed feet. The animals in question may be birds or mammals belonging 
to entirely different families — that is, they are not connected by consanguinity and descent. Lastly, the flying 
things may be insects, birds, or bats, and still further removed from each other as regards descent from a common 
stock. The structural differences and modifications required in the walking, swimming, and flying organs are much 
greater in many cases than exist between nearly related animals. I have consequently always felt that slight differences 
in animals and animal structures are unduly magnified when they are intended to support evolution, much greater 
differences being glossed over or altogether omitted when they do not favour that doctrine. The great subject 
of locomotion, being opposed to the popular doctrine, is seldom referred to. 
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These remarks have a very special bearing on the descent of the horse, of which so much has been made. 
This is a one-toed animal, said to be descended from a five-toed ancestor. The premises are inadequate to warrant 
such a conclusion. The quadruped, as is well known, has typically five toes. The ox, deer, pig, &c., however, 
have only two. Similarly the typical birds have five toes. The ostrich, emu, &c, have, as a rule, only two, and 
these birds practically walk and run on one, which is greatly developed. The same is true of the extinct moa. 
There are, moreover, infinitely greater structural differences between ordinary fore limbs and the flying wings of 
birds and bats than there are between the one-toed horse and its supposed ancestors with five toes. 

From these remarks it will be evident that too much emphasis has been placed on structural modifications 
in the limbs of the horse as proving descent and evolution, and too little on the structural modifications of the 
flying wings of birds and mammals as disproving descent and evolution. It is not permitted in science to blow 
hot and cold, and to strain points in order to buttress untenable positions. 

If a special set of structural differences and modifications are quoted in support of a particular theoretical 
contention, antagonistic differences — provided they exist — should be referred to, or even quoted. 

There is warrant for believing that the structural differences in animals and in their travelling organs are due 
to design and a common plan, and that the animals and their modified limbs are part of the great scheme of 
nature — the animals and their limbs forming parts of fundamental wholes. 

It is not permissible to set aside original endowments by the introduction of sub-groups or intercalary 
forms or the over-statement of one set of facts and the under-statement or suppression of an equally or more 
important set. 

Professor Huxley, as explained, founds his belief in the doctrine of evolution largely on a consideration of 
extinct geologic forms, especially those of reptiles, birds, and horses. The birds he is inclined to believe are the 
descendants of extinct reptiles, and the horse of pristine five-toed mammals. The extinct birds and horses he 
classifies as intercalary forms or sub-group3, as contra-distinguished from the great groups, including birds and 
mammals. The sub-groups he regards as connecting links between the great groups. It should, however, be borne 
in mind that, in a perfect scheme of nature, the intermediary sub-groups may be as important, in a way, as the 
larger groups ; both representing parts of a more or less arbitrary classification. If there are intermediate forms 
between the extinct bird and reptile, and between the horse and an extinct five-toed mammal, it does not neces- 
sarily follow that the birds are evolved by direct descent from the reptiles, or the modern horses from remote 
five-toed mammals. The so-called intermediate sub-groups and links may be regarded as independent factors, 
and, as such, are entitled to great consideration. Mere numbers in groups do not seriously affect the question 
of types. The general plan of creation, as an ascending series, gives practically the same value to groups and 
sub-groups, and the fact that sub-groups resemble other groups above and below them, neither proves identity nor 
direct descent. 

Huxley, with characteristic candour, admits the extreme persistence in certain cases of various types of plants 
and animals, and endeavours to explain the absence of change in living forms (as in Egypt) for thousands of years, 
by saying that the physical conditions in certain countries and during certain periods remain unaltered. He in 
this way indirectly refers the endless modifications which, according to evolution, occur in living things to exter- 
nalities, such as climate, environment, extraneous stimulation, irritability, &c. Of this, however, as I have already 
shown, we have no distinct proof ; the changes which occur in living forms are not due to accidental circumstances. 
Like other evolutionists, Huxley avails himself of whatever connecting links exist or may come to hand, and at the 
same time endeavours to show that the geological record, from the nature of things, can never be perfect. He 
indeed emphasises this point. This is at once an ingenious and clever device. If an advocate of evolution be 
permitted to employ such geologic forms as exist and which serve his purpose as connecting links to strengthen his 
argument at one point and to say, when the connecting links fail him, that the geologic record is imperfect, he gains 
a double advantage : he gets credit for what is, and claims credit for what, there is every reason to believe, is not. 
The imperfection of the geologic record is elaborated by Mr. Darwin in his " Origin of Species " by means of natural 
selection, and all who write on evolution take refuge in connecting links when possible, and when the supply runs 
out, they naively turn round and assert that their production is almost certainly merely a question of time as the 
geologic record becomes more perfect day by day. Another coign of vantage appropriated by evolutionists is that 
furnished by duration or time. If the changes and modifications said to be effected by evolution cannot be demon- 
strated, they boldly assert that sufficient time has not elapsed, and some of them (Haeckel, for example) extend the 
period even to a hundred or more millions of years. In so doing they flout human experience, history, and even 
the geologic record. 

Professor Huxley has stated his views with great perspicuity as follows : l — " From almost the origin of the 

1 "Lectures* and Essays oil Evolution." New York, 1876. 
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discussions about the existing condition of the animal and vegetable worlds and the causes which have determined 
that condition, an argument has been put forward as an objection to evolution, which we shall have to consider very 
seriously. It is an argument which was first clearly stated by Cuvier in his criticism of the doctrines propounded 
by his great contemporary, Lamarck. The French expedition to Egypt had called the attention of learned men to 
the wonderful store of antiquities in that country, and there had been brought back to France numerous mummified 
corpses of the animals which the ancient Egyptians revered and preserved, and which, at a reasonable computation, 
must have lived not less than three or four thousand years before the time at which they were thus brought to 
tight. Cuvier endeavoured to test the hypothesis that animals have undergone gradual and progressive modifica- 
tions of structure, by comparing the skeletons and such other parts of the mummies as were in a fitting state 
of preservation, with the corresponding parts of the representatives of the same species now living in Egypt. 
He arrived at the conviction that no appreciable change had taken place in these animals in the course of this 
considerable lapse of time, and the justice of his conclusion is not disputed. 

" It is obvious that, if it can be proved that animals have endured, without undergoing any demonstrable change 
of structure, for so long a period as four thousand years, no form of the hypothesis of evolution which assumes 
that animals undergo a constant and necessary progressive change can be tenable ; unless, indeed, it be further 
Assumed that four thousand years is too short a time for the production of a change sufficiently great to be detected. 
" But it is no less plain that if the process of evolution of animals is not independent of surrounding condi- 
tions ; if it may be indefinitely hastened or retarded by variations in these conditions ; or if evolution is simply 
ct process of accommodation to varying conditions ; the argument against the hypothesis of evolution based 
on the unchanged character of the Egyptian fauna is worthless. For the monuments which are coeval with 
the mummies testify as strongly to the absence of change in the physical geography and the general conditions 
of the land of Egypt, for the time in question, as the mummies do to the unvarying characters of its living 
population. 

" The progress of research since Cuvier's time has supplied far more striking examples of the long duration 
of specific forms of life than those which are furnished by the mummified ibises and crocodiles of Egypt. A 
remarkable case is to be found in the neighbourhood of the Falls of Niagara. In the immediate vicinity of the 
whirlpool, and again upon Goat Island, in the superficial deposits which cover the surface of the rocky subsoil in 
those regions, there are found remains of animals in perfect preservation, and among them shells belonging to 
exactly the same species as those which at present inhabit the still waters of Lake Erie. It is evident, from the 
structure of the country, that these animal remains were deposited in the beds in which they occur at a time when 
the lake extended over the region in which they are found. This involves the conclusion that they lived and 
died before the Falls had cut their way back through the gorge of Niagara. I believe I am speaking within the 
bounds of prudence if I assume that the Falls of Niagara have not retreated at a greater pace than about a foot a 
year. Six miles, speaking roughly, are 30,000 feet ; 30,000 feet, at a foot a year, gives 30,000 years ; and thus we 
are fairly justified in concluding that no less a period than this has passed since the shell-fish, whose remains are 
left in the beds to which I have referred, were living creatures. 

" But there is still stronger evidence of the long duration of certain types. I have already stated that, as we 
work our way through the great series of the Tertiary formations, we find many species of animals identical with 
those which Kve at the present day, diminishing in numbers, it is true, but still existing, in a certain proportion, 
in the oldest of the Tertiary rocks. Furthermore, when we examine the rocks of the Cretaceous epoch, we find the 
remains of some animals which the closest scrutiny cannot show to be, in any important respect, different from 
those which live at the present time. That is the case with one of the Cretaceous lamp-shells (Terebratula), which 
has continued to exist unchanged, or with insignificant variations, down to the present day. Such is the case with 
the Ohbigcrinw, the skeletons of which, aggregated together, form a large proportion of our English chalk. Those 
GkbigerinM can be traced down to the Globtgeriruv which live at the surface of the present great oceans, and the 
remains of which, falling to the bottom of the sea, give rise to a chalky mud. Hence it must be admitted that 
certain existing species of animals show no distinct sign of modification, or transformation, in the course of a lapse 
of time as great as that which carries us back to the Cretaceous period ; and which, whatever its absolute measure, 
is certainly vastly greater than thirty thousand years. 

" There are groups of species so closely allied together, that it needs the eye of a naturalist to distinguish them 
one from another. If we disregard the small differences which separate these forms, and consider all the species 
of such groups as modifications of one type, we shall find that, even among the higher animals, some types have 
had a marvellous duration. In the chalk, for example, there is found a fish belonging to the highest and the most 
differentiated group of osseous fishes, which goes by the name of Beryx, But the genus Beryx is represented, at 
the present day, by very closely allied species which are living in the Pacific and Atlantic Oceans. We may go 
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still further back. I have referred to the fact, that the Carboniferous formations, in Europe and in America, con- 
tain the remains of scorpions in an admirable state of preservation, and that those scorpions are hardly distinguish- 
able from such as now live. More than this. At the very bottom of the Silurian series, in beds which are by some 
authorities referred to the Cambrian formation, where the signs of life begin to fail us — even there, among the 
few and scanty animal remains which are discoverable, we find species of molluscous animals which are so closely 
allied to existing forms that, at one time, they were grouped under the same generic name. The same truth is 
exemplified if we turn to certain great periods of the earth's history— as, for example, the Mesozoic epoch. There are 
groups of reptiles, such as the Ichthyosauria and the Pksiosauria, which appear shortly after the commencement 
of this epoch, and they occur in vast numbers. They disappear with the chalk and, throughout the whole of the 
great series of Mesozoic rocks, they present no such modifications as can safely be considered evidence of progressive 
modification. 

" Facts of this kind are undoubtedly fatal to any form of the doctrine of evolution which postulates the sup- 
position that there is an intrinsic necessity, on the part of animal forms which have once come into existence, to 
undergo continual modification ; and they are as distinctly opposed to any view which involves the belief that 
such modification as may occur, must take place, at the same rate, in all the different types of animal or vegetable 
life. There is another order of facts belonging to the class of negative or indifferent evidence. The great group 
of lizards, which abound in the present world, extends through the whole series of formations as far back as the 
Permian, or latest Palaeozoic, epoch. These Permian lizards differ astonishingly little from the lizards which exist 
at the present day. Comparing the amount of the differences between them and modern lizards, with the pro- 
digious lapse of time between the Permian epoch and the present age, it may be said that the amount of change is 
insignificant. If the doctrine of evolution be true, it follows that, however diverse the different groups of animals 
and of plants may be, they must all, at one time or other, have been connected by gradational forms ; so that, 
from the highest animals, whatever they may be, down to the lowest speck of protoplasmic matter in which life 
can be manifested, a series of gradations, leading from one end of the series to the other, either exists or has existed. 
But when we look upon living Nature as it is, we find a totally different state of things. We find that animals and 
plants fall into groups, the different members of which are pretty closely allied together, but which are separated 
by definite, larger or smaller breaks, from other groups. At the present time, for example, there are numerous 
forms of non-ruminant pachyderms, or what we may call broadly the pig tribe, and many varieties of ruminants. 
These latter have their definite characteristics, and the former have their distinguishing peculiarities. But there 
is nothing that fills up the gap between the ruminants and the pig tribe. Such also is the case in respect of the 
minor groups of the class of reptiles. In the existing fauna, the group of pig-like animals and the group of 
ruminants are entirely distinct ; but one of the first of Cuvier's discoveries was an animal which he called the 
Anaplotherium, and which proved to be, in a great many important respects, intermediate in character between 
the pigs on the one hand, and the ruminants on the other. Another remarkable animal restored by the great 
French palaeontologist, the Pahrotherinm, similarly tended to connect together animals to all appearance so different 
as the rhinoceros, the horse, and the tapir. Subsequent research has brought to light multitudes of facts of the same 
order. Instead of dealing with these examples, which would require a great deal of tedious osteological detail, 
I take the case of birds and reptiles ; groups which, at the present day, are so clearly distinguished from one another 
that there are perhaps no classes of animals which, in popular apprehension, are more completely separated. Exist- 
ing birds are covered with feathers ; their anterior extremities, specially and peculiarly modified, are converted 
into wings, by the aid of which most of them are able to fly ; they walk upright upon two legs ; and these limbs, 
when they are considered anatomically, present a great number of exceedingly remarkable peculiarities. On the 
other hand, existing reptiles have no feathers. They may have naked skins, or may be covered with horny 
scales, or bony plates, or with both. They possess no wings ; they neither fly by means of their fore-limbs nor 
habitually walk upright upon their hind-limbs ; and the bones of their legs present no such modifications as we 
find in birds. As we trace the history of birds back in time, we find their remains, sometimes in great abundance, 
throughout the whole extent of the Tertiary rocks ; but, so far as our present knowledge goes, the birds of the Tertiary 
rocks retain the same essential characters as the birds of the present day. Not very long ago no remains of birds 
had been found below the Tertiary rocks. But, in the course of the last few years, such remains have been dis- 
covered in England ; though, unfortunately, in so imperfect and fragmentary a condition, that it is impossible to say 
whether they differed from existing birds in any essential character or not. In America the development of the 
Cretaceous series of rocks is enormous ; the conditions under which the later Cretaceous strata have been deposited 
are highly favourable to the preservation of organic remains, and the researches carried on by Professor Marsh have 
rewarded him with the discovery of the forms of birds of which we had hitherto no conception. By his kindness, 
I am enabled to place before you a restoration of one of these extraordinary birds, every part of which can be 
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thoroughly identified by the more or less complete skeletons, in a very perfect state of preservation, which he has 
discovered. The Hesperornis, which measures between five and six feet in length, is astonishingly like our existing 
divers or grebes in a great many respects ; so like them indeed that, had a skeleton of Hesperornis been found in a 
museum without its skull, it probably would have been placed in the same group of birds as the divers and grebes 
of the present day. But Hesperornis differs from all existing birds, and so far resembles reptiles, in one important 
particular — it is provided with teeth. But the discovery of an animal which, in every part of its skeleton, closely 
agrees with existing birds, and yet possesses teeth, shows that there were ancient birds which, in respect of pos- 
sessing teeth, approached reptiles more nearly than any existing bird does. The same formation has yielded 
another bird, Ichthyornis, which also possesses teeth ; but the teeth are situated in distinct sockets, while those of 
ffesperomis are not so lodged. The latter also has such very small, almost rudimentary wings, that it must have 
been chiefly a swimmer and a diver like a penguin ; while Ichthyornis has strong wings, and no doubt possessed 
corresponding powers of flight. The Solenhofen slates have yielded the Arch/eopteryx, the existence of which was 
first made known by the finding of a fossil feather, or rather of the impression of one. By-and-by a solitary 
skeleton was discovered, which is now in the British Museum. The feet are not only altogether bird-like, but have 
the special characters of the feet of perching birds, while the body had a clothing of true feathers. Nevertheless, 
in some other respects, Archa>opteryx is unlike a bird and like a reptile. There is a long tail composed of many 
vertebrae. The structure of the wing differs in some very remarkable respects from that which it presents in 
a. true bird. In the Archxopteryx, the upper-arm bone is like that of a bird, and the two bones of the fore- 
arm are more or less like those of a bird, but the fingers are not bound together — they are free, and several, 
if not all, of them were terminated by strong curved claws, not like such as are sometimes found in birds, but 
such as reptiles possess ; so that, in the Archeopteryx, we have an animal which to a certain extent occupies a 
midway place between a bird and a reptile. Like the Anoplotherium and the Pal/rotherium, therefore, Archvopteryx 
tends to fill up the interval between groups which, in the existing world, are widely separated, and to destroy 
the value of the definitions of zoological groups based upon our knowledge of existing forms. And such 
cases as these constitute evidence in favour of evolution, in so far as they prove that, in former periods of the 
world's history, there were animals which overstepped the bounds of existing groups, and tended to merge them 
into larger assemblages." 

Referring to the horse, Mr. Huxley sayB : " It by no means follows, because the Palieotherium has much in 
common with the horse, on the one hand, and with the rhinoceros on the other, that it is the intermediate 
form through which rhinoceroses have passed to become horses, or vice versd ; on the contrary, any such supposition 
would be certainly erroneous. Nor do I think it likely that the transition from the reptile to the bird has been 
effected by such a form as Archeopteryx. And it is convenient to distinguish these intermediate forms between 
two groups, which do not represent the actual passage from the one group to the other, as intercalary types, from 
those linear types which, more or less approximately, indicate the nature of the steps by which the transition from 
one group to the other was effected. 

" I conceive that such linear forms, constituting a series of natural gradations between the reptile and the bird, 
and enabling us to understand the manner in which the reptilian has been metamorphosed into the bird type, 
are really to be found among a group of ancient and extinct terrestrial reptiles known as the Ornithoscelida. The 
remains of these animals occur throughout the series of Mesozoic formations, from the Trias to the Chalk, and there 
are indications of their existence even in the later Palaeozoic strata. 

" Most of these reptiles, at present known, are of great size, some having attained a length of forty feet, or 
perhaps more. The majority resembled lizards and crocodiles in their general form, and many of them were, like 
crocodiles, protected by an armour of heavy bony plates. But, in others, the hind-limbs elongate and the fore- 
limbs shorten, until their relative proportions approach those which are observed in the short-winged, flightless, 
ostrich tribe among birds. 

" The skull is relatively light, and in some cases the jaws, though bearing teeth, are beak-like at their extremities, 
and appear to have been enveloped in a horny sheath. In the part of the vertebral column which lies between the 
haunch bones and is called the sacrum, a number of vertebrae may unite together into one whole, and in this respect, 
as in some details of its structure, the sacrum of these reptiles approaches that of birds. 

" But it is in the structure of the pelvis and of the hind limb that some of these ancient reptiles present the most 
remarkable approximation to birds, and clearly indicate the way by which the most specialised and characteristic 
features of the bird may have been evolved from the corresponding parts in the reptile. In the crocodile, the 
pelvis is obviously composed of three bones on each side ; the ilium, the pubis, and the ischium. In the adult 
bird there appears to be but one bone on each side. The examination of the pelvis of a chick, however, shows 
that each half is made up of three bones, which answer to those which remain distinct throughout life in 
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the crocodile. There is, therefore, a fundamental identity of plan in the construction of the pelvis of both bird and 
reptile ; though the differences in form, relative size, and direction of the corresponding bones in the two cases are 
very great. 

" But the most striking contrast between the two lies in the bones of the leg and of that part of the foot termed 
the tarsus, which follows upon the leg. It can be shown by the study of development that the bird's pelvis and 
hind limb are simply extreme modifications of the same fundamental plan as that upon which these parts are 
modelled in reptiles. 

" On comparing the pelvis and hind limb of the Ornithoscelida with that of the crocodile, on the one side, and 
that of the bird on the other, it is obvious that it represents a middle term between the two. Taking all these 
facts together, it is obvious that some of these animals may have walked upon their hind legs, as birds do. In 
fact there can be no reasonable doubt that one of the smaller forms of the Ornithoscelida, Compsognathus, the almost 
entire skeleton of which has been discovered in the Solenhofen slates, was a bipedal animal. As Compsognathus 
walked upon its hind legs, it must have made tracks like those of birds. And as the structure of the limbs of 
several of the gigantic Ornithoscelida, such as Iguanodon, leads to the conclusion that they also may have constantly, 
or occasionally, assumed the same attitude, a peculiar interest attaches to the fact that, in the Wealden strata of 
England, there are to be found gigantic footsteps arranged in order like those of the Brontozoum, and which, there 
can be no reasonable doubt, were made by some of the Ornithoscelida, the remains of which are found in the 
same rocks. 

" We have had to stretch the definition of the class of birds so as to include birds with teeth and birds with 
paw-like fore-limbs and long tails. The evidential value of the facts I have brought forward must be neither over 
nor under-estimated. It is not historical proof of the occurrence of the evolution of birds from reptiles, for we have 
no safe ground for assuming that true birds had not made their appearance at the commencement of the Mesozoic 
epoch. There is another series of extinct reptiles which may be said to be intercalary between reptiles and birds, 
in so far as they combine some of the characters of both these groups ; and which, as they possessed the power of 
flight, may seem, at first sight, to be nearer representatives of the forms by which the transition from the reptile to 
the bird was effected, than the Ornithoscelida. 

" These are the Pterosauria, or Pterodactyls, the remains of which are met with throughout the series of Mesozoic 
rocks, from the Lias to the Chalk, and some of which attain a great size, their wings having a span of eighteen or 
twenty feet. These animals, in the form and proportions of the head and neck relatively to the body, and in the 
fact that the ends of the jaws were often, if not always, more or less extensively ensheathed in horny beaks, remind 
us of birds. Moreover, their bones contained air cavities, rendering them specifically lighter, as is the case in most 
birds. The breast-bone was large and keeled, as in most birds and in bats, and the shoulder girdle is strikingly 
similar to that of ordinary birds. But it seems to me that the special resemblance of pterodactyls to birds ends 
here, unless I may add the entire absence of teeth which characterises the great pterodactyls (Pteranodon) dis- 
covered by Professor Marsh. All other known pterodactyls have teeth lodged in sockets. In the vertebral column 
and the hind-limbs there are no special resemblances to birds, and when we turn to the wings they are found to 
be constructed on a totally different principle from those of birds. 

" There are four fingers. These four fingers are large, and three of them — those which answer to the thumb and 
two following fingers — are terminated by claws, while the fourth is enormously prolonged, and converted into a 
great jointed style. This finger had the office of supporting a web which extended between it and the body. An 
existing specimen proves that the fingers supported a vast web like that of a bat's wing ; in fact, there can be no 
doubt that this ancient reptile flew after the fashion of a bat. 

" Thus, though the pterodactyl is a reptile which has become modified in such a manner as to enable it to fly, 
and therefore, as might be expected, presents some points of resemblance to other animals which fly ; it has, so to 
speak, gone off the line which leads directly from reptiles to birds, and has become disqualified for the changes 
which lead to the characteristic organisation of the latter class. The occurrence of historical facts is said to be 
demonstrated, when the evidence that they happened is of such a character as to render the assumption that 
they did not happen in the highest degree improbable. Those who have attended to the progress of palaeontology 
are aware that evidence of the character which I have defined has been produced in considerable and continually- 
increasing quantity during the last few years. It is obviously useless to seek for such evidence except in localities 
in which the physical conditions have been such as to permit of the deposit of an unbroken or but rarely inter- 
rupted series of strata through a long period of time ; in which the group of animals to be investigated has 
existed in such abundance as to furnish the requisite supply of remains. It so happens that the case which, at 
present, most nearly fulfils all these conditions is that of the series of extinct animals which culminates in the 
horses ; by which term I mean to denote not merely the domestic animals with which we are all so well acquainted, 
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but their allies, the ass, zebra, quagga, and the like. The horse is in many ways a remarkable animal ; not least 

*o in the fact that it presents us with an example of one of the most perfect pieces of machinery in the living 

world. The locomotive machinery is resident in its slender fore and hind-limbs ; they are flexible and elastic 

levers, capable of being moved by very powerful muscles ; and, in order to supply the engines which work these 

levers with the force which they expend, the horse is provided with a very perfect apparatus for grinding its food 

and extracting therefrom the requisite fuel. Without attempting to take you very far into the region of osteo- 

logical detail, let us turn to the fore-limb. In most quadrupeds, as in ourselves, the fore-arm contains distinct 

Ixmes called the radius and the ulna. The corresponding region in the horse seems at first to possess but one bone. 

Careful observation, however, enables us to distinguish in this bone a part which clearly answers to the upper end 

of the ulna. This is closely united with the chief mass of the bone which represents the radius, and runs out into 

a slender shaft which may be traced for some distance downwards upon the back of the radius, and then in most 

cases thins out and vanishes. It takes still more trouble to make sure of what is nevertheless the fact, that a 

small part of the lower end of the bone of the horse's fore-arm, which is only distinct in a very young foal, is 

really the lower extremity of the ulna. 

** What is commonly called the knee of a horse is its wrist. The ' cannon bone ' answers to the middle 
bone of the five metacarpal bones, which support the palm of the hand in ourselves. The * pastern,' 
* coronary,' and c coffin ' bones of veterinarians answer to the joints of our middle fingers, while the hoof 
is simply a greatly enlarged and thickened nail. But if what lies below the horse's ' knee ' thus corre- 
sponds to the middle finger in ourselves, what has become of the other four fingers or digits ? We find in 
the places of the second and fourth digits only two slender splint-like bones, about two-thirds as long as the 
cannon bone, which gradually taper to their lower ends and bear no finger joints, or, as they are termed, 
phalanges. Sometimes small bony or gristly nodules are to be found at the bases of these two metacarpal 
splints, and it is probable that these represent rudiments of the first and fifth toes. Thus, the part of the horse's 
skeleton which corresponds with that of the human hand contains one overgrown middle digit, and at least two 
imperfect lateral digits ; and these answer, respectively, to the third, the second, and the fourth fingers in man. 
Corresponding modifications are found in the hind limb. The heel of the horse is the part commonly known 
as the hock. The hinder cannon bone answers to the middle metatarsal bone of the human foot ; the pastern, 
coronary, and coffin bones to the middle toe bones ; the hind hoof to the nail, as in the fore foot. And, as in the 
fore foot, there are merely two splints to represent the second and the fourth toes. Sometimes a rudiment of a 
fifth toe appears to be traceable. 

" The teeth of a horse are not less peculiar than its limbs. The twelve cutting teeth of a horse are close-set and 
concentrated in the fore-part of its mouth, like so many adzes or chisels. The grinders or molars are large, and 
have an extremely complicated structure, being composed of a number of different substances of unequal 
hardness. The consequence of this is that they wear away at different rates ; and, hence, the surface of each 
grinder is always as uneven as that of a good mill-stone. ... I have now enumerated those characteristic 
structures of the horse which are of most importance. To any one who is acquainted with the morphology of 
vertebrated animals, they show that the horse deviates widely from the general structure of mammals ; and that 
the horse type is, in many respects, an extreme modification of the general mammalian plan. The least modified 
mammals, in fact, have the radius and ulna, the tibia and fibula, distinct and separate. They have five distinct 
and complete digits on each foot, and no one of these digits is very much larger than the rest. Moreover, in the 
least modified mammals, the total number of the teeth is very generally forty-four, while in horses, the usual 
number is forty. . . . The general principles of the hypothesis of evolution lead to the conclusion that the horse must 
have been derived from some quadruped which possessed five complete digits on each foot ; which had the bones 
of the fore-arm and of the leg complete and separate ; and which possessed forty-four teeth. In Europe abundant 
remains of horses are found in the Quaternary and later Tertiary strata as far as the Pliocene formation. But these 
horses, which are so common in the cave-deposits and in the gravels of Europe, are in all essential respects like exist- 
ing horses. And that is true of all the horses of the latter part of the Pliocene epoch. But, in deposits wliich 
belong to the earlier Pliocene and later Miocene epochs, and which occur in Britain, in France, in Germany, in 
Greece, in India, we find animals which are extremely like horses — which, in fact, are so similar to horses, that you 
may follow descriptions given in works upon the anatomy of the horse upon the skeletons of these animals— but 
which differ in some important particulars. For example, the structure of their fore and hind limbs is somewhat 
different. The bones which, in the horse, are represented by two splints, imperfect below, are as long as the middle 
metacarpal and metatarsal bones ; and, attached to the extremity of each, is a digit with three joints of the same 
general character as those of the middle digit, only very much smaller. These small digits are so disposed that 
they could have had but very little functional importance, and they must have been rather of the nature of the 
vol. 1. 2 D 
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dew-claws, such as are to be found in many ruminant animals. The Hipparion, as the extinct European three- 
toed horse is called, in fact, presents a foot similar to that of the American Protohippus, except that, in the 
Hipparion, the smaller digits are situated further back, and are of smaller proportional size, than in the 
Protohi]ypu8. 

" The ulna is slightly more distinct than in the horse ; and the whole length of it, as a very slender shaft, in- 
timately united with the radius, is completely traceable. The fibula appears to be in the same condition as in 
the horse. The teeth of the Hipparion are essentially similar to those of the horse, but the pattern of the 
grinders is in some respects a little more complex, and there is a depression on the face of the skull in front of 
the orbit, which is not seen in existing horses. 

" In the earlier Miocene, and perhaps the later Eocene deposits of some parts of Europe, another extinct 
animal has been discovered, which Cuvier, who first described some fragments of it, considered to be a Pal&oiherium. 
But as further discoveries threw new light upon its structure, it was recognised as a distinct genus, under the name 
of Anchitherium. 

" In its general characters, the skeleton of Anchitherium is very similar to that of the horse. Each foot pos- 
sesses three complete toes ; while the lateral toes are much larger in proportion to the middle toe than in Hipparion. 
and doubtless rested on the ground in ordinary locomotion. 

" The ulna is complete and quite distinct from the radius, though firmly united with the latter. The fibula 
seems also to have been complete. There are forty-four teeth. The incisors have no strong pit. The canines 
seem to have been well developed in both sexes. The first of the seven grinders, which is frequently absent, and, 
when it does exist, is small in the horse, is a good-sized and permanent tooth, while the grinder which follows it is 
but little larger than the hinder ones. The Anchitherium, the Hipparion, and the modern horses, constitute a series in 
which the modifications of structure coincide with the order of chronological occurrence, in the manner in which they 
must coincide, if the modern horses really are the result of the gradual metamorphosis, in the course of the Tertiary 
epoch, of a less specialised ancestral form. . . . When America was first discovered by Europeans, there were no traces 
of the existence of the horse in any part of that continent. Nevertheless, the investigations of American geologists 
have proved that the remains of horses occur in the most superficial deposits of both North and South America, just 
as they do in Europe. Therefore, for some reason or other, the horse must have died out on that continent at 
some period preceding the discovery of America. Of late years there has been discovered in the Western Terri- 
tories of America a marvellous accumulation of deposits, which furnishes us with a consecutive series of records 
of the fauna of the older half of the Tertiary epoch, for which we have no parallel in Europe. The researches of 
Leidy and others have shown that forms allied to the Hipparion and the Anchitherium are to be found among 
these remains. They tend to show that we must look to America, rather than to Europe, for the original seat 
of the equine series ; and that the archaic forms and successive modifications of the horse's ancestry are far better 
preserved there than in Europe. The succession of forms which Professor Marsh has brought together carries us 
from the top to the bottom of the Tertiaries. Firstly there is the true horse. Next we have the American Pliocene 
form of the horse. In the conformation of its limbs it presents some very slight deviations from the ordinary horse, and 
the crowns of the grinding teeth are shorter. Then comes the Protohippus, which represents the European Hipparion, 
having one large digit and two small ones on each foot, and the general characters of the fore-arm and leg to which 
I have referred. But it is more valuable than the European Hipparion, for the reason that it is devoid of some 
of the peculiarities of that form — peculiarities which tend to show that the European Hipparion is rather a member 
of a collateral branch than a form in the direct line of succession. Next, in the backward order of time, is the 
Miohippus, which corresponds pretty nearly with the Anchitherium of Europe. It presents three complete toes — 
one large median and two smaller lateral ones ; and there is a rudiment of that digit which answers to the little 
finger of the human hand. 

" The European record of the pedigree of the horse stops here ; in the American Tertiaries, on the contrary, the 
series of ancestral equine forms is continued into the Eocene formations. An older Miocene form, termed Mesohippus, 
has three toes in front, with a large splint-like rudiment representing the little finger ; and three toes behind. 
The radius and ulna, the tibia and the fibula, are distinct, and the short-crowned molar teeth are anchitheroid in 
pattern. 

" But the most important discovery of all is the Orohippus, which comes from the Eocene formation, and is the 
oldest member of the equine series as yet known. Here we find four complete toes on the front limb, three toes on 
the hind limb, a well-developed ulna, a well-developed fibula, and short-crowned grinders of simple pattern. The 
knowledge we now possess justifies us completely in the anticipation, that when the still lower Eocene deposits, 
and those which belong to the Cretaceous epoch, have yielded up their remains of ancestral equine animals, we shall 
find, first, a form with four complete toes and a rudiment of the innermost or first digit in front, with probably a 
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cannot be set aside in favour of any theory, not even that of evolution. The constitutions of plants and animals 
must, because of their stability and permanence, be regarded as original endowments, and the variations, of which 
so much has been made, are, it appears to me, as nothing by comparison. That plants and animals under cultivation 
and in certain circumstances vary within limits, is admitted, but it is also admitted that they revert to their 
originals if left to themselves. 

Given stable constitutions, it follows that plants and animals do not, of necessity, vary. If they do vary, the 
degree of variation is not to any great extent determined by any extraneous circumstances, such as environment 

and artificial stimulation. Plants and animals 
are very properly accorded a selective and self- 
regulating power in certain directions, but these 
they possess in virtue of a First Cause working 
in or through them. Permanence of type for 
thirty thousand or more years virtually shunts 
the question of variation as a main factor in 
evolution. If no change or adaptation is required 
for thirty thousand years, it shows that plants 
and animals can get on without variation, and 
are superior to environment. The continuity (in 
an unchanged form) of plants and animals for 
such protracted periods bespeaks perfect primary 
endowment and adaptation, and this, in turn, 
implies design, and law and order of the highest 
conceivable kind. 

The design, law and order are to be at- 
tributed to the Maker of the plants and animals, 
and not to the plants and animals themselves. 
If this view be not adopted, intelligence must 
be ascribed to protoplasm, to cells, to tissues, 
and to organs, as well as to the completed plants 
and animals, from the lowest to the highest. As 
a man cannot add a cubit to bis stature by an 
effort of will or persistent wishing, it is reason- 
able, and indeed necessary, to suppose that all 
the changes, modifications, and adaptations in 
plants and animals, when they occur, are in- 
augurated and controlled by a power outside of 
them — that power being the First Cause, Designer, 
and Upholder. 

Two views are possible in this connection : 

(a) that the Creator made plants and i 

perfect from the first ; or (b) that He f 

them with a definite trend or tendency in given 

directions ; the trend being limited in such a way as to prevent the mixing up and confusion of types. The resort 

is practically the same. In the one case the First Cause is behind or outside the plant and animal ; in the other it 

is practically within the plant and animal. 

It is not possible to get away from a supreme power, and from design, law and order, either in the organic or 
inorganic kingdoms. 

The subject of one great creation confined to a definite period, or several smaller creations embracing various 
periods, need not be discussed further than to say, that the geologic record would lend itself to support either theory 
equally well. Time is an element in both forms of creation. When one great creative act is spoken of, the act is 
not to be regarded as instantaneous : it consists of stages and processes which imply duration. All that is meant is 
that creation occupied a definite measure of time, and that when the universe and all it contains was made, there 
was an end of creative activity. The amount of time required is nowhere stated. The six days mentioned in 
Scripture may mean six thousand years or six millions years. The processes or steps of creation are equally visible 
in the organic and inorganic kingdoms ; in the crust and rocks of the earth, and in the successive geologic flora 
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The modifications and presence of claws in the wings of the Archseopteryx are less remarkable than the modifi- 
cations met with in the Pterodactyl. The Pterodactyl, or flying reptile, as it is frequently called, had wings much 

more modified than those of the Archav 
opteryx, aa shown at Fig. 37. 

Similar remarks are to be made of the 
wings of the modem hat (Fig. 38). 

Still more remarkable are the modifi- 
cations of the wings of existing birds, where 
the bones of the hands are reduced in 
number ; some being greatly enlarged, and 
soldered together to provide a flat, osseous 
support for the roots of the primary and 
secondary feathers, which play a most im- 
portant part in all air-flying birds (Fig. 39). 

The points which I wish to establish in 
the present connection are : — 

1. That the typical five fingers or toes 




tissues, ligame 
figure the left 

' f (especially , 



s of flight. The primary and secondary feathers are seen in ]>™iti 
Fig. 40. i, h. Muscles connected with the elastic structures of the wing ; r, rf, e, /, 
g, A, i, muBculo-fibro- elastic tissues which are mainly concerned in flexing tlie wing. 
' depressor or chest muscles are seeu between the wings. (From a dissection 
g by the Author.} 



ig is flexed and the right wing fully extended. The (arts marked jn the limbs of the majority of vertebrates 

h. i) hImiu where the niiiK is flattened nut. solidified, curl atri'iiirtheiied . , i_ . ■ . ■ ±±. 

rapport the roote of the primary and secondary feathe™ which an tb. immediate «« not permanent, but a Vanishing quantity: 

* "" w "" " 3 - ■ ■ ■' -'■'•■■ -■-'■■■- -* the toes of the hind limbs being, in many 

cases, fewer than the fingers of the fore 
limbs. 

2. That the fore limbs of the elephant 
and of many fossils have five fingers or 
digits : that in some of the Dinosaurs 
(extinct reptiles) there are four digits in the 
fore limb and only three in the hind limb : 
that in the extinct moa there are three toes 
with a rudimentary fourth toe to the hind 
limbs : that in the modern emu there are 
three toes to each hind limb : that in the 
ostrich there are only two toes to each 
hind limb : that in the camel, ox, and deer 
there are two digits to each of the limbs : 
that of the two toes of the ostrich, one is 
very much longer and stronger than the 
other : that there is also a slight deviation 
in this direction in the camel : that in the 
horse there is only one digit to each limb — 
this being very much enlarged and very 
strong. 
t of the hard and soft parts of the wing of the 3, That the modifications in the digits 

_n the right wing the roots of the primary and , ,, » » , » . , . 

secondary feathers are exposed to show their relation to the fore arm, hand, and greatly °* "» fore llmDS 01 Vertebrates are very 
modified phalanges or linger bones. The left wing is fully flexed and ready to make remarkable, and Cannot be accounted for as 
the up stroke. In the left wing the feathers are widely seiiarated, and present a series , ' _. _ , _. , , 

of vertical knife-like edges through which the air escape* during the up stroke ; in the apart from a First Uause and Design : that 
right wing the | feathers are spread out and flrmly pressed together to prevent the caca,* in flome ^a, not omy ^ fl^ fi^fr 
of air during the down stroke, (hrom a dissection and drawing by the Author.) ». . ^ 

suppressed, but other digits are hyper- 
developed to quite an extraordinary extent : that in the foot of the ostrich, where there are only two digits, the 
one is dwarfed and the other very greatly enlarged : that in the wing of the pterodactyl there are three digits which 
are aborted and terminate in hooks — one digit (the fifth) being enormously elongated and hypertrophied : that in 
the wing of the bird the digits are reduced to three, and that they are run together, solidified, and increased in 
sise to form a flattened, osseous surface which supports the roots of the primary and secondary feathers, the 
immediate instruments of flight : that in the horse, only one digit remains for each limb ; this being phenomenally 
large and strong. 

4. That there are strong grounds for believing that the variations in the number and shape of the digits of 
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a, Scapula ; b, spine of scapula ; c, scapulohumeral articulation ; 
; k, radius ; i, carpal bones ; i, fc, large metacarpals ; f, small raeta- 
1 form the first, second, and third phalanges). Drawn from nature b_v 



A, Skeleton of the right fore leg of the ox (Eo» taurvs). 
d, huraenu ; e, humero-radial articulation;/, olecranon; g, ulm 
carpal; I, snffnginia; m, coronary; n, pedal ban " 
C. Berjeau for the Author. 

B. Skeleton of the right fore limh of the horse (Equut caballiut). a, Scapula ; b, spine of scapula ; e, scapulo- humeral articulation , 
d, humerus ; e, humero-radial articulation ; /, olecranon ; g, ulna ; A, radius ; t, carpal bones ; j, large metacarpal or cannon Ixrae ; 
/, small metacarpal or splint bone ; I, suffraiiiiiis ; m, coronary ; n, jiedal bone (I, m, 11 form the first, second, and third phalanges). 
Drawn from nature by C. Berjeau for the Author, 

C Skeleton of the right win? of the whoopcr swan (C%niu mitririu). a, Scapula; e, scapulo-hinneral articulation ; if, humerus ; 
c, bnmero-radial articulation ; /, olecranon ; g, ulna ; h, radius ; i, radio -ulnar -carpal articulation ; 0, carpo-raetacarpug ; p, first digit 
or thumb; 7, second digit ; r, third digit. Drawn from nature by C. Berjeau for the Author. 

the limbs of vertebrates are solely connected with the locomotion of the animals, and have nothing to do with 
descent and consanguinity. 

5. That the phalanges (fingers and toes) of vertebrates are original endowments conferred upon animals during 
their development and at birth, and that they are not after-thoughts or modifications due to externalities, environ- 
ment, or alteration of plan. 

6. That this view is confirmed by the fact that all animals, to whatever order, family, or class they 
belong, must conform (as far as their travelling organs are concerned) rigidly to the principles which govern 
progression on the land, in the water, and in the air respectively. 
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RECENT 



PLIOCENE 



MIOCENE 






B. Pliohippus 



It is no easy matter to deal satisfactorily with the organs of locomotion as apart from a First Cause, Law, 
Order, and Design. Given these, there is no difficulty. The subject resolves itself into cause and effect, and the 
ends attained are always explained by the means employed. 

The modifications in the fore arm, &c., of the ox, horse, and swan are given at Plate Ixxvi. 

This plate gives comparative views, and shows the modifications, more especially in the fore arm, wrist, 

hand, and phalanges, of the ox, horse, and wing of the bird. In the ox, the fore arm has two digits armed 

with two hoofs. In the horse the fore arm has only one digit and one powerful hoof. In the wing of the bird 

the bones of the hand and fingers are mixed up and Boldered together to give additional strength for supporting 

the roots of the primary and secondary 
a 1> c d feathers in flight. The modifications 

referred to are very striking, and are 
connected with the locomotion of the 
several animals. They have nothing to 
do with heredity and descent, not even 
in the horse, which is generally regarded 
as a direct descendant of a five-toed 
mammal. In the ostrich the foot con- 
sists of two digits — the one being very 
much larger, stronger, and longer than 
the other. Here again the exigencies 
of locomotion afford the true explana- 
tion of the arrangement. In this quaint 
bird, which walks and runs on loose 
sand, the large digit performs the office 

C 0. Protalrippua (Hipparim). oi a foot Tne ext inct moa had three 

digits and a rudimentary fourth one, 
and the modern emu has three digits to 
each foot. In these running birds the 
dropping of digits ia very suggestive and 

D r>. Mioliippus^nriif/ierium). remarkable. The horse and ostrich are 

the fleetest of existing land animate. 

The supposed descent of the horse, 
according to Huxley and Marsh (especi- 
ally the latter), from a five-toed mammal 
is illustrated at Fig. 41. 

In Fig. 41 the foot of the horse is 
traced from past to present time — from 
the Eocene, Miocene, and Pliocene 
until we reach the Pleistocene, or 
recent period. The oldest horses were 
said to be about the size of a large dog. 
The following is the supposed order of 
succession : Orohipjnts (Eocene), with 
four toes to the fore leg and three toes 
to the hind leg ; Mesohippus, with three toes and an imperfect fourth toe to the fore leg, and three toes to the 
hind leg ; Miohippus onektiherium (Miocene), with three toes each to fore and hind limbs ; Protohippus hip- 
parion, with three toes each to fore and hind limbs, the outer toes becoming thinner and shorter and not quite 
reaching the ground; Pliohippus (Pliocene), with three toes to each fore and hind limb, the outer toes becoming 
so thin as to be mere rudiments, and being far removed from the ground ; E gnus (Recent), with three toes to each 
limb, but the outer toes so shrunken as to be scarcely recognisable even as vestiges. In these transformations the 
central toe of each foot is from the first the largest : it gradually hypertrophies : the outer toes becoming meanwhile 
smaller and smaller. 

In the lapse of time, in the opinion of Huxley and Marsh and evolutionists generally, a new animal is formed. 
There is no warrant for such a conclusion. The dwarfing and virtual suppression of portions of limbs is not 
confined to the horse. It occurs in several animals, as the Pterodactyl, or flying reptile, and the diving and flying 



EOCENE 




E E. Mesohippus. 



F F. Oruliippus. 



Fio. 11.— In this figure the feet and Urne limbs of the linn* (Equi 
pared with tlwse at' its supposed ancestors, it, Pore foot ; li, hind Toot 
(after Huxley). 



ii ; ,1, leu 



THE TRAVELLING ORGANS OF ANIMALS 217 

bird, to say nothing of similar modifications on a large scale in the vertebrate series, where the toes range from 
five as a maximum to one as a minimum. Nor must it be forgotten that in certain sea mammals, such as the 
dugong, manatee, porpoise, and whale, not only the toes, but also the limbs, especially the posterior ones, entirely 
disappear. 

If the dropping of toes proves anything, it proves the existence of type in limbs (as in other parts), where 
enough remains to show its origin and general relations, and connections of the parts to each other. The dropping 
has certainly nothing whatever to do with consanguinity and descent, or with evolution. 

The object in view in the modification of limbs and other parts of animals is to make the modified parts more 

perfect for the performance of some special work. The massive single toe of the horse, armed with a strong hoof, 

is the best possible for dealing with the hard, unyielding earth in walking and running ; the wing of the flying bird, 

with its fingers soldered together and its covering of fleecy elastic feathers, being the best conceivable for dealing 

with the soft, yielding air in flight. In all this there is the most convincing proof of a First Cause and Design. 

The instrument is specially created to perform specific work on the most approved mechanical principles — the means 

and the ends being always found side by side. No effect, great or small, is produced apart from an adequate 

cause. This argues pre-determination, law, and order in infinite variety. It would be a singular circumstance 

if the limbs of the horse were modelled in a way no other limbs are. As a matter of fact, the fore limbs of the 

horse are less modified than the wings of the bin!. 

It will be seen that a by no means strong case has been made out for evolution and the descent of the modern 
horse from a five- toed extinct mammal. Perhaps even less can be said when the teeth of the horse and its supposed 
ancestors form the fulcra of the argument. It was noticed that the crowns of the molar or grinding teeth of the 
existing horse had a complicated pattern, and immediately palaeontologists set about finding similar teeth in 
mammals, ancient and modern ; the mammals in question having toes ranging from five to one. Of course it 
must not be overlooked that the modern horse and its supposed ancient ancestors are not the only mammals 
'whose molar teeth exhibit complicated patterns. The modifications in the toes and teeth of the horse when the 
mammalian series is regarded as a whole can scarcely be said to amount even to peculiarities, and assuredly do 
not justify the outstanding position claimed for them by evolutionists and by those who have a fixed idea that 
the horse is descended from a five-toed mammal. The supposed relation of birds to reptiles based on the posses- 
sion by both of teeth, and peculiarities in the pelvis and fore limbs, is, to a large extent, fanciful, and can scarcely be 
seriously entertained. The closer the subject is examined the less satisfactory it becomes. A certain amount of 
detail regarding the configuration, modification and uses, especially of limbs, is necessary at this stage. 



THE TRAVELLING ORGANS OF ANIMALS TO BE REGARDED AS 

ORIGINAL STRUCTURES 

The wings of birds in no respect resemble the fore legs of reptiles as a class. They are structures specially 
modified to navigate the air. The limbs and the hands and feet of birds vary infinitely, but in every case they 
are means to ends. Thus there are running, swimming, diving, and flying birds. The ancient dodo had no 
wings : the same is true of the modern apteryx. Wingless birds can only walk and run. The ostriches and emus 
have small, short wings useless for flight, and long legs, which make them excellent runners ; the penguins have 
small, flexible, featherless wings, which enable them to dive and to fly in, but not out of, the water — they have also 
webbed swimming feet. The majority of birds have large wings provided with primary, secondary, and tertiary 
feathers, by the aid of which they fly in the air. Some birds, such as the ducks, can walk, swim, dive, and fly by 
turns. The travelling organs of birds are designed and adapted structures. They are in no sense to be regarded 
as haphazard developments : neither are they to be regarded as evolutions as apart from design and a pre- 
determined plan. 

Modifications in the travelling organs required for the purposes of progression do not prove that the bird 
is descended from the reptile. Neither do similar modifications in the horse prove that that animal is descended 
from a five-toed mammal. There are modifications and peculiarities in the limbs of birds and horses, and there 
is gradation, but this is all that can be said. As a matter of fact, the modifications in the wings, legs, and feet 
of birds show as great a variety of structure as is found between birds and reptiles themselves ; but the modifica- 
tions afford proofs of adaptation and design in the travelling organs, and do not support a blind evolution which 
ignores a First Cause and refers the modifications to chance as apart from Design. Similar remarks are to be 
made of the limbs and feet of horses. They afford examples of special developments for a purpose : they are not 
mere purposeless, blind adaptations, as evolutionists would have us believe. In the case of the hands and feet of 
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the horse there is a diminution in the number of osseous and other parts, a contraction of the travelling area, 
and a concentration of power in certain bones, which are greatly enlarged and thickened for a specific purpose 
(Plate lxxvi., Fig. B). In the case of wings, especially those adapted for flying under water and diving • (Plate 
I., Fig. 1, J), the same features are to be noted, namely, diminution in the number of the bones of the wing, 
contraction of the osseous wing-area, and a concentration of power in certain wing bones which act screw-fashion 
in sub-aquatic flight. Nor does the matter rest here in the case of birds which fly in the air. While the skeleton 
of the wing of the air-flying bird is being simplified by the fusion of certain of its bones, and its actual osseous area 
reduced, its covering of feathers, especially the primary, secondary, and tertiary ones, which are the immediate 
organs of aerial flight, is being much differentiated and greatly amplified to perfect it as an air-flying organ (Fig. 42). 
All this means design, modification, and adaptation as apart from mere evolution as such. There can lie no 

better examples of design given than are afforded by 
the wings and the legs and feet of birds as shown at 
Figs. 42 and 43. In these figures 1 have had depicted 
from nature, and according to scale, the outer portion 
of the right wing of the whooper swan, an air-flying 
bird, and the right leg and foot of the ostrich specially- 
modified to walk and run on sand. The wing is a. 
marvel of design. Its bones are twisted and spirally- 
arranged. It is a screw structurally and functionally. 
It makes a figure-of-8 track in space in stationary, 
and a spiral, waved track in free flight. The wing 
feathers (primary, secondary, and tertiary) are beauti- 
fully graduated as regards length, direction, and 
strength. They are elastic, and taper from the roots 
to the tips. The primary feathers are slightly twisted 
in the direction of their length, and the primary, 
secondary, and tertiary feathers are set at various 
angles, and are geared to each other and overlap in 
such a way that they open during the up-stroke of 
the wing and close during its down-stroke. They thus 
alternately evade and seize the air. The opening of 
the feathers corresponds with the folding of the wing 
and the up-stroke, and the closing of the feathers 
with the extension of the wing and the down-stroke. 




Fig. 42.— Skeleton of the 
swan {Cggim* MtMHttt). 81 
(finger bones) are very greatly modified ; certain of the hones being i 
pressed and other* greatly enlarged, strengthened, and soldered together 
la fomi a fiat osseous platform for supporting the roots of the primary 
and secondary feathers which are especially engaged in aerial flight 
g. Ulna : A, radius ; i, radio -ulna-carpo articulation ; o. i^arjio- metacarpus ; 
1 '— * ■, third digit. Drawn from nature 
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the bird is hatched out, is a chance product, the out- 
come of environment and of a groping, eyeless evolu- 



Fm. 43.— Portion of the right leg and ft 

m "lf™l' The foot of the ostrich dismays two toe* and is most interesting. Th e arrangements are the most intricate and perfect 
m it forms a transition link lietween the great extinct moa (Z/inoniis . n , , 

ifigtiHtrtu), which had four toes, and the modern emu {Drammim nor*" possible. Shall we be told that the Wing, a COmpli- 

w/«»f *■), **** *$* *"* *"■■ T he <1">1'1"»k "f toes in the ostrich trii- c&ted and imimta bie structure largely developed before 
is emit* as remarkahle as the dropping of toes in the horse, it. Major toe . ^\ . .... »"»ryv ™*™»»|<» irt™«= 

of the ostrich, whicli does the principal part of the walking and running 
i, minor or sulisidiary toe. which takes little part in locomotion ; c, lowej 
part of leg. Drawn from nature by C. Berjeau for the present work. 

tion 'i What is said of the wing of the bird applies 
equally to the legs and feet. The legs may be long as in running, wading birds, or short as in swimming birds : the 
feet may possess two, three, or more digits, and they may bear claws as in the birds of prey, or webs as in swimming 
birds. The legs and feet, like the wings, are modified, and adapted to perform certain functions. They also afford 
proofs of design, to the exclusion of evolution as a blind factor in the production of specific structures, the 
functions of which are obvious and lie on the surface. Evolution, it is said, makes for progress, but it has not 
been shown that the modern horse is a more perfect animal than the five-toed mammal, its supposed ancestor ; or 
that the modifications in the limbs of birds are not as great, or even greater, than those which occur in the horse. 
The order of the organic kingdom is one of gradation, and it may be quite a fallacious interpretation of the facts, 
to say that the so-called connecting links are not as important in their way as the great groups themselves. This. 
remark applies to development as a recognised part of gradation. The mere number of individuals in a group, as 
I have pointed out, does not invalidate the distinction here drawn. From a careful and extended study of the 
subject I am disposed to believe that the limits and solid hoofs of the horse tribe arc not the outcome of evolu- 
tion, hut are .special developments, modifications, and adaptations to ensure strength, and to increase speed on 
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land. The same is true of the limbs and small feet of the ostrich. In the ostrich the digits of each foot are 
reduced to two ; one digit being mainly employed in running. 

Five-toed typical mammals, with heavy, j>owerful frames, are not so well adapted for running on hard 
surfaces as the horses, but they still exist — as witness the elephant. There was no necessity to manufacture the 
horse from a five-toed mammal. The modified limbs and solid hoofs of the horse are rather to be regarded as a 
proof of type and of adaptation and design, and, as such, are to be placed in the same category as the swimming 
tail of the fish and reptile ; the swimming feet of the frog, beaver, ornithorhynchus, bird, seal, and walrus ; and 
the flying wings of the insect, bird, and bat. These are all examples of structures adapted to the media the animals 
are to traverse (Plates 1., li., and lii.). They are special creations rather than mere modifications. Environment 
and externalities cannot produce them : they are constructed in young animals during development and before 
they are required. They are means to ends, but do not prove consanguinity and descent. 

The rehabilitation of so-called missing links, and the modifications of existing structures, especially limb 

structures, do not afford a safe basis for constructing a chart of consanguinity and descent. The presence of teeth 

in the heads of a few extinct birds, the pattern of the teeth of the horse, and the decrease or increase in size, and 

the appearance or disappearance of certain limb bones in the same or other individuals, do not prove evolution, 

descent, or blood relationship. All these phenomena can be explained outside evolution and descent by reference 

to the requirements of life and the exigencies of locomotion. That a few extinct birds had teeth does not prove 

the descent of the bird from the reptile ; neither do the suppression of certain limb bones and the greatly increased 

size of others giv*» a valid clue to the descent of the horse. 

As a matter of fact, the changes and modifications introduced into the animal series, because of modifications 
in their organs of locomotion, are much greater than the data usually relied on for proving the doctrines of evolu- 
tion and descent. I have, therefore, to express my conviction that evolutionists are not on safe ground when they 
confine proofs of their views to one or two lines of demonstration ; these being by no means the most obvious or 
convincing. 

Professor Huxley regards America as the original home of the horse, rather than Europe, and mentions inci- 
dentally that the animal died out on the American continent and had to be re-introduced. If this view be correct, 
it is difficult to understand how such a contingency could have arisen, considering the vast extent and the resources 
of the continent occupied. The dying out view is essentially opposed to the theory of environment. 

The evolution of the foot of the horse from a five-toed mammal is on a level with the evolution of the wing 
of the pterodactyl, bird, and bat, from some five-fingered unknown flying ancestor. The wing of the bat (Fig. 38) 
is composed of an arm, fore arm, wrist and five digits, with an outstretched membrane. The digits are nearly 
of the same length, and take an equal share in supporting the membrane, and in the function of flight. In the 
band and phalanges of the pterodactyl (Fig. 37), as in the foot and phalanges of the horse, several of the digits 
are dwarfed, one of them (the fourth) being enormously developed, and forming the chief organ of locomotion. Cer- 
tain of the digits are dwarfed and rudimentary, but no one would, on this account, say that the ancient ptero- 
dactyl was evolved from some extinct animal resembling the modern bat, which is a more highly differentiated 
animal. Similar remarks are to be made of the wing of the bird. The wing of the bird is composed of a humerus 
(arm bone), a radius and ulna (fore arm bones), modified carpal or wrist bones, and several digits or finger bones 
run together and fused (Fig. 42). The arm and fore arm bones are independent and separate as in the primates 
and in ourselves. The wrist and finger bones, on the contrary, are modified almost beyond recognition ; certain 
of them being suppressed, while others are fused and solidified to form one strong compound bone, which bears 
the great primary feathers, the most essential structures in flight. The very remarkable modifications occurring 
in the wing of the bird are quite as extraordinary as those occurring in the limb of the horse, but no one would 
be so rash as to suppose that the bird, because of certain modifications in its wing, was descended from any form 
of mammal, with distinct wrist bones and five distinct digits. Neither would the bat (a mammal, with five digits 
in its wing) furnish the ancestor of the pterodactyl (Fig. 37). The dropping of certain bones, and the enlarging and 
fusing of others, in the limbs and travelling organs of animals afford no proof of evolution in the strict or proper 
sense. Evolution involves differentiation and increase in the number of parts. It is opposed to devolution, or the 
decrease and suppression of parts. The increase and decrease of parts here referred to, which occur even in 
the embryo, while inimical to the doctrine of evolution, supply strong arguments in favour of type, a First Cause, 
design, and adaptation to given ends. 

The modifications required for locomotion can be traced in all animals, however diverse. They are not confined 
to allied animals, and consequently, and strictly speaking, have nothing to do with evolution ; evolution requiring 
connecting links, and points of resemblance and continuity, in the evolving forms. 

The connecting links in locomotion do not support the theory of evolution. Thus the galeopithecus or flying 
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squirrel is provided with a flying membrane which extends between its fore and hind limbs ; and the flying lizard 
is provided with a similar membrane, which is supported by its ribs. The galeopithecus, and flying lizard, how- 
ever, have nothing in common, and no direct connection either with the pterodactyl or with the bird. Similarly, 
the pectoral fins of the flying fish do not connect that animal with the galeopithecus, flying lizard, pterodactyl, 
bird, or bat. This modification of limbs for the purposes of progression opens up a wide question quite apart from 
evolution and descent, and even classification. The dolphins (sea mammals), if the pectoral fins be excepted, have 
no limbs : the whales have pectoral fins or flippers, but no posterior limbs or the merest vestiges of them. 
The same is to be said of the Sirenida (the dugong, manatee, rhytina, &c), where the flippers bear a general resem- 
blance to limbs. All these animals (mammalian in type) are supplied with swimming tails and fish-like bodies. 
In the case of the seal, sea-lion, and walrus (likewise mammals), they are furnished with more or less fish-shaped 
bodies, and modified but well-developed limbs, each of which has five digits. The digits support a swimming 
membrane, and can be opened and closed, particularly those of the posterior limbs. The digits and swimming 
membrane of the hind limbs form what is virtually a powerful swimming tail, which, as in the fish, is lashed from 
side to side, and is the chief organ of propulsion. In the sea-mammals the tail is lashed in a vertical direction. 
In the flying fish the pectoral fins, which are the homologues of the anterior extremities, are greatly expanded, 
and have the form of wings, and act as such to a limited extent. The flying fish has, in addition, a swimming tail, 
and forms a connecting link between progression in the water and the air, just as the galeopithecus and flying 
lizard form connecting links between progression on the land and in the air. In all these cases, the construction 
of the limbs (designed and modified, as explained, for particular purposes) affords no proof of evolution. Indeed,, 
and as already stated, the several travelling organs are constructed in the young animals before they are required. 
As a matter of fact, the animals whose limbs and travelling surfaces are modified and adapted to operate on essen- 
tially different media must be arranged in different categories, as they include, or may include, insects, fishes, 
reptiles, birds, mammals, &c. That the modifications referred to have nothing to do with descent and evolution, 
as their chief factor, is proved by the changes which occur in the frog during development. In the tadpole state 
it is provided with a swimming tail adapted for propulsion in water ; as it reaches the adult condition its tail dis- 
appears, and it is furnished with four limbs, each having five digits, with a swimming membrane adapted for water* 
and land transit. The travelling organs are modified to meet the requirements of the water and land respectively, 
but the water and land and environment do not make the travelling organs ; these are designed, specially pre- 
pared structures connected with the movements, habits, and breathing of the animal. 

The question of limbs as organs of locomotion is a very wide one. The shape of limbs, if it proves anything, 
proves design as contra-distinguished from evolution. When we find animals of every conceivable kind modified 
to meet the particular requirements of transit on the land and in the water and air, design of necessity takes 
precedence of evolution. The transitions of structure and function in the organs of locomotion in animals are 
very numerous, but they are, in every case, graduated and designed transitions : they are adapted to the land, 
the water, and the air, or partly the one and partly the other. They are in every case means to ends. They 
are never chance products. 

Small feet suffice for supporting heavy animals on land. The deer, ox, horse, pig, &c., afford examples. Large 
feet, often webbed, are required for soft or boggy land, as witness the feet of the frog, wading bird, ornithorhynchus, 
otter, beaver, &c. Still larger travelling organs are required for the water, as seen in the flippers and feet of the 
turtle ; the feet and swimming tail of the newt and crocodile ; the fins and tail of the fish ; the webbed hands and 
feet of the seal, sea-lion, and walrus ; the flippers and swimming tail of the dolphins and whales ; the fin-like 
anterior extremities and fish-like tails of the dugong, manatee, rhytina, &c. 

Lastly, very greatly expanded travelling organs are required for transit in the air. These are seen in the 
extinct flying reptiles and in modern insects, birds, and bats. Then there are, as stated, transition links in the 
travelling organs, as between the land and air on the one hand, and the water and air on the other. The flying 
lemur, flying squirrel, and flying lizard afford examples of the former, and the flying fish of the latter. 

I purposely abstain from an enumeration of the myriad travelling organs in the infusoria and lower animal 
forms, and in plants. With such an amazing array of designed and adapted travelling structures occurring in 
innumerable animals, and in not a few plants, it is impossible to come to any other conclusion than that all 
animals, and all plants with independent movements, are specially designed and constructed organisms as apart 
from evolution. As environment and externalities do not form the organs of locomotion, neither do they form 
other organs in plants and animals as a whole. 

The subject of the modifications of limbs, and especially those of the horse, is not a fortunate one as proving 
the truth of the doctrine of evolution. Even in animals so far advanced as the vertebrates, limbs can be dis- 
pensed with. The serpent has no limbs, and some of the lizards have the merest traces of them ; but both 
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perform their several functions perfectly. Limbs, even in the highest animals (man included), are mere buds or 
outgrowths of the trunk and vertebral column, which are the essential parts of the organism. The hard and soft parts 
in animals split up transversely as in vertebrae, and longitudinally as in limbs, which terminate in digits and range 
from one to five or greatly exceed that number, as in the fins of fishes and the flippers of certain extinct animals, 
such as the Ichthyosaurus, Plesiosaurus, &c. Illustrations of limbs and limb structures are given at Plates xlvii., 
xlviii., xlix., and 1., which see. 

The limbs and travelling organs of animals are the product of a First Cause, and are means to ends. That 

there is gradation, plan, and adaptation in limbs and travelling organs, as apart from evolution, is proved by the 

relation which exists between the travelling organs and surfaces of animals and the media to be traversed. No 

animal can progress satisfactorily on the land whose travelling surfaces are not adapted to land transit, and the 

same is to be said of the water and air. The modified travelling organs which connect the land with the water 

and the water with the air, or each with the other, afford no proof of evolution. The land, water, and air form 

the three great highways for animal progression, and every animal, to whatever order it belongs, must possess organs 

of locomotion adapted for one or other. The land, water, and air afford different degrees of support to the 

travelling organs of animals, and these must be modified to deal with the question of support as well as of propulsion. 

The more tenuous the medium traversed, the larger must be the travelling organs. No animal is equally well 

adapted for walking, swimming, and flying, although there are several examples of animals which walk, swim, and 

fly indiscriminately. 

The travelling organs of animals become exceedingly interesting when viewed from the teleological standpoint. 
When so viewed it is all but certain that they are to be regarded as original structures — that is, structures which 
formed part of the original animals, and which were absolutely necessary to the early as well as to the later and 
continued existence of the animals. The organs in question were formed even before they were required. They 
grew and were developed with the other parts of the body. There is no proof that they were made piecemeal, or 
that they passed through innumerable stages before reaching their present state of perfection. 

The travelling organs lead us back to a much disputed subject, namely, were the land animals originally marine 
animals, or did certain of the land animals take to a marine existence, or were the land and marine animals created 
separately at the outset ? I am wholly in favour of the separate creation view, and of the production of great 
races and types of animals adapted at the. beginning to their several surroundings. I cannot reconcile myself to 
the production of organs by infinite modifications in infinite time, seeing a creation at first hand was as easy and 
easier than a creation at any subsequent period, even at a millionth remove. 

The Mosaic account of creation is very explicit on this particular point. According to it, not only animals 

but also plants were created separately and for different regions of the earth's surface. They were also created 

to live and travel in different media. The several types of plants and animals which exist on the earth at present 

had their prototypes in the early days of our planet. Even flying things had a place among the primeval creations. 

The Mosaic narrative runs as follows : " And God said, I^et the earth bring forth grass, the herb yielding seed, 

and the fruit tree yielding fruit after his kind, whose seed is in itself, upon the earth. . . . And God said, Let the 

'waters bring forth abundantly the moving creature that hath life, and fowl thai may fly above the earth in the open 

firmament of heaven. And God created great whales, and every living creature that moveth, which the waters 

brought forth abundantly, after their kind, and every winged fowl after his kind. . . . And God blessed them, 

saying, Be fruitful and multiply, and fill the waters in the seas, and let fowl multiply in the earth. . . . And God 

said, I^et the earth bring forth the living creature after his kind, cattle, and creeping thing, and beast of the earth 

after his kind : and it was so." 

The remarkable feature of creation is its unvarying uniformity and conformity to law and order. 
In the case of animals, their general shape and travelling and other organs must satisfy the requirements of 
the media they are severally called upon to live in. In every case, the animals must be adapted to one or other 
special set of conditions. 

If the land animals take to the water they must have modified or suppressed limbs, a fish shape, and a 
swimming tail. If the marine animals take to the land they must have a modified or suppressed tail and more 
or less perfectly developed limbs. The same reasoning applies, within limits, to birds. As the land and water 
do not create or form the travelling organs, it follows that the animals which move on the land and in the water 
respectively must be provided with the necessary travelling organs as part of their original outfit and endowment. 

§ 36. The Travelling Organs in Relation to Environment. 

There is an organic and an inorganic kingdom, and the one is fitted to the other. Both have been made by the 
same hand, and the activities of both determined. It has not been proved that the representatives of the organic 
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kingdom are automata set in motion and regulated by different parts of the inorganic kingdom. The most that 
can be said is that plants and animals derive their substance and part of their force from the inorganic kingdom. 
Their forms, their structures, their functions, and their activities generally, are inherent and peculiar to themselves. 
Plants and animals are living things, designed for specific purposes, and constructed to discharge particular offices. 
While they are influenced up to a point by environment, they are, in no sense, at its mercy. Environment, be 
it noted, essentially consists of externalities ; conditions of heat and cold, light or its absence, moisture and dryness, 
state of the earth, the water, and the air, supply of food, crowding, &c. While environment leads to modifications 
(within limits) of growth and development it does not alter the constitutions of plants and animals, and produce 
new individuals. I wish to emphasise this point. Plants and animals slightly modify themselves — or, to be more 
accurate, are modified by a First Cause — to meet new requirements, but they do not thereby lose their identity. 
Environment applies all round to certain localities and certain periods. It is more or less a fixed quantity as regards 
time and space. It is calculated to produce sameness in plants and animals, and certainly would do so if plant 
and animals were fundamentally alike. It assuredly cannot, of itself, account either for the origin and infinit^^ 
variety of plants and animals, or the numberless slight modifications which occur in them from time to time. Tin 
origin of plants and animals, as well as the modifications and adaptations which characterise them, cannot 
referred to it. It is not a chief factor either in the production of plants and animals or in the changes and varu*.^ 
tions which are known to take place in them. 

If, as Professor Huxley believes, the birds resemble reptiles, and the horses certain ancient mammals, the 
fact, if fact it be, can only be explained by design and intelligent adaptation ; and the design and the adapts- 
tion must be referred either to an intelligent Designer, or to the living things created and controlled by Him. 

Blind, purposeless modification in the principal and subsidiary groups of plants and animals can achieve 
nothing. The fact that different plants and animals located in a more or less stable environment assume an 
infinite variety of shapes, and discharge an extraordinary diversity of function, proves to my mind that the main 
factor in the organic kingdom lies outside environment. To realise what is here stated one has only to remember 
that the plants and animals on the surface of the globe are legion as regards size, shape, and function, and that 
the environment, as explained, is more or less a fixed quantity in different localities and at different times. If 
physical peculiarities and environment were the chief factors in the production and modification of plants and 
animals, then one would expect to find a certain degree of uniformity which can nowhere be detected. In other 
words, if the inorganic kingdom and environment in any one locality and at any one period vary little, one naturally 
inquires, Whence come the numberless plant and animal forms found in that locality and at that period ? The 
great groups and sub-groups of plants and animals, and the individuals composing them, are practically exposed 
to similar conditions, yet the plant differs from the animal, and both differ infinitely amongst themselves. Plants 
and animals sometimes appear as mere species of apparently undifferentiated protoplasm, where no traces of 
structure, in the ordinary sense, can be discovered even with the highest power of the microscope, and sometimes 
they appear as aggregates of complex tissues, where division of labour is carried to an extreme. The simple and 
the complex forms occur side by side in the same regions and at the same period of time. 

To put it otherwise, the endless diversities in plants and animals cannot be accounted for by mere inorganic 
changes, however great and however long continued. 

This is evident from other considerations. The movements of plants and animals, and the presence of sense 
organs and organs of locomotion, cannot be referred to inorganic changes and environment. Plants and animals 
move as apart from irritation and external stimulation. The organs of sense and of locomotion were not made 
by, but to act upon, extraneous substances. The light does not make the eye, the atmosphere the wing, the water 
the tail of the fish, or the land the hoof of the horse. Neither is the hand, that most marvellous creation, made 
by externalities and by use and wont. 

There are, as is well known, various kinds of eyes, wings, tails, feet, and hands, but they are, in every instance, 
intelligently adapted structures. They are fashioned to perform certain functions, and these they discharge 
unerringly. No better illustration of this can be given than is afforded by the organs of locomotion. Is the 
surface to be trod hard and unyielding ? Small feet are provided. Is the medium to be traversed yielding and 
treacherous ? Large feet with webs or a swimming tail are supplied. Is the intensely mobile and extraordinarily 
light air to be navigated ? Greatly expanded wings are forthcoming. The expansion of the travelling surfaces 
keeps pace with the tenuity, mobility, and want of supporting power in the media. To this there is no exception. 
Every kind of animal, be it small or great, be it invertebrate or vertebrate, be it animalcule, mollusc, insect, fish, 
reptile, bird or mammal, must conform to the inexorable laws of locomotion (see Plates xlix. to liv.). 

Environment cannot account for the small feet of the horse, ox, and deer ; for the enlarged feet of the frog, 
ornithorhynchus, and seal ; for the expanded tail of the fish, dolphin, and whale ; for the comparatively very 
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large wings of the insect, flying reptile, bird, and bat. The travelling organs and surfaces of all animals are 
specially designed, and constructed for specific purposes. They are also (and this is important) constructed in 
advance and before they are required. The wings would be ineffective for land transit, and the small feet for 
navigating the air. In like manner, the tail of the fish would be ill adapted for progression either on the land 
or in the air. 

The modifications and changes effected by environment are at best insignificant. They certainly do not 
produce the various types of plants and animals ; neither do they produce the sense organs and organs of locomo- 
tion. It is inconceivable that extraneous dead matter could create sense organs and organs of locomotion, how- 
ever long the time allowed. There is in and behind living things a self-moving, self-modifying, and self-regulating 
power, which is superior to environment, and which enables them, within limits, to adapt themselves to their sur- 
roundings and work out their destinies. Plants and animals have their objectives on which they act, but the 
objectives, although they slightly influence, do not make the subjectives. There is the thing acting and the thing 
acted upon ; and the thing acting is, for the wisest of purposes, made superior to the thing acted upon. Wherever 
there are means to ends a distinction must be drawn between the means and the ends. 

The subject of vitality crops up here. It is admitted that plants and animals derive their substance and 
part of their force from the inorganic kingdom, and some aver that there is no such thing as vital force. They 
strive to show that there is only one kind of matter and only one kind of force, and that both are fixed quantities 
and indestructible. They seek to identify inorganic and organic matter, and physical and vital force. This 
generalisation is not warranted by facts. Organic matter can readily be distinguished from inorganic matter, and 
vital force from physical force. Organic matter lives or has lived ; inorganic matter is invariably dead. Vital 
force can control and alter the shape of inorganic matter ; it can also change the direction in which physical force 
acts ; it is superior to both. This superiority implies reserve power, as one power can only be overcome by another 
which exercises a directive influence or is greater. The question comes to be, Can life control inorganic matter 
and physical force without trenching upon the modern belief that matter and force are fixed quantities which can 
neither be increased, diminished, nor destroyed ? The vital force, if superior to physical force, must act outside 
the latter — must, in fact, be an added quantity, of which no cognisance is taken by modern physicists. This view 
can very well be maintained by those who believe in a First Cause which originated all kinds of matter and all kinds 
of force. The potter is superior to the clay he manipulates ; he is also superior to the potter's wheel which he 
directs and controls. The distinction between dead and living matter and physical and vital force is wide and 
deep. Only an all-powerful, all-embracing First Cause can supply a connecting link between them. Granted an 
all-powerful First Cause, there is no difficulty. Without a First Cause many and insurmountable obstacles present 
themselves. 

The attempt at unification and simplification here referred to has long been extended to matter as matter, 
organic and inorganic. Inorganic, dead matter is said to consist originally of only one kind, and the same is said 
of organic living matter. We are asked to believe that all the known elements (some seventy-five in number) l 
spring from and have a common origin which is homogeneous in its nature, and that all the plant and animal tissues, 
however numerous and complicated, are the lineal descendants of protoplasm, which is averred to be a simple homo- 
geneous substance resembling the white of egg. The heterogeneous substances in the organic and inorganic kingdoms 
are said to proceed from the homogeneous ones by condensation, rarefaction, attraction, repulsion, Ac., by infinite 
permutations in infinite time. The simple substances are held to be the parents or progenitors of the complex 
ones. All the varieties of chemical substances, all plant and animal tissues, are referred to a single original. 
Similar remarks are made of force. 



§ 37. Kant's and Herbert Spencer's Views of Matter and Force. 

Immanuel Kant in his "General Natural History and Theory of the Celestial Bodies" (1775) "pictures to 
himself the universe as once an infinite expansion of formless and diffused matter. At one point of this he sup- 
poses a single centre of attraction set up, and shows how this must result in the development of a prodigious central 
body, surrounded by systems of solar and planetary worlds in all stages of development. In vivid language 
he depicts the great world-maelstrom, widening the margins of its prodigious eddy in the slow progress of millions 
of ages, gradually reclaiming more and more of the molecular waste, and converting chaos into cosmos. But what 
is gained at the margin is lost in the centre ; the attractions of the central systems bring their constituents together, 
which then, by the heat evolved, are converted once more into molecular chaos. Thus the worlds that are lie 

1 A list of the elements, so far as at present discovered, is given at pp. 194 and 195. 
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between the ruins of the worlds that have been and the chaotic materials of the worlds that shall be ; and, in spite 
of all waste and destruction, Cosmos is extending his borders at the expense of Chaos." 

The following is Mr. Herbert Spencer's view of this very interesting and difficult subject : " Throughout the 
universe in general, and in detail, there is an unceasing redistribution of matter and motion. This redistribution 
constitutes evolution when there is a predominant integration of matter and dissipation of motion, and constitutes 
dissolution when there is a predominant absorption of motion and disintegration of matter. Evolution is simple 
when the process of integration, or the formation of a coherent aggregate, proceeds uncomplicated by other processes. 
Evolution is compound when, along with this primary change from an incoherent to a coherent state, there go on 
secondary changes due to differences in the circumstances of the different parts of the aggregate. 

" These secondary changes constitute a transformation of the homogeneous into the heterogeneous — a transforma- 
tion which, like the first, is exhibited in the universe as a whole, and in all (or nearly all) its details ; in the aggre- 
gate of stars and nebula? ; in the planetary system ; in the earth as an inorganic mass ; in each organism, vegetal 
or animal ; in the aggregate of organisms throughout geologic time ; in the mind ; in society ; in all products of 
social activity. 

" The process of integration, acting locally as well as generally, combines with the process of differentiation 
to render this change not simply from homogeneity to heterogeneity, but from an indefinite homogeneity to a definite 
heterogeneity ; and this trait of increasing definiteness, which accompanies the trait of increasing heterogeneity, 
is, like it, exhibited in the totality of things, and in all its divisions and subdivisions down to the minutest. 

" Along with this redistribution of the matter composing any evolving aggregate there goes on a redistribution 
of the retained motion of its components in relation to one another ; this also becomes, step by step, more definitely — 
heterogeneous. . . . This rhythm of evolution and dissolution, completing itself during short periods in small aggre — 
gates, and in the vast aggregates distributed through space completing itself in periods immeasurable by humaim^ 
thought, is, so far as we can see, universal and eternal. . . . AH these phenomena, from their great features down t<^ 
their minutest details, are necessary results of the persistence of force under its forms of matter and motion. Givem. 
these as distributed through space, and their quantities being unchangeable, either by increase or decrease, there- 
inevitably result the continuous redistributions distinguishable as evolution and dissolution, as well as all these 
special traits above enumerated. That which persists unchanging in quantity, but ever changing in form, under 
these sensible appearances which the universe presents to us, transcends human knowledge and conception — is 
an unknown and unknowable power, which we are obliged to recognise as without limit in space and without 
beginning or end in time." 

It will be observed that, in Immanuel Kant's and Herbert Spencer's systems of the universe, matter and a 
power of attraction and condensation and of repulsion and disintegration are taken for granted ; this power con- 
verting homogeneous masses into heterogeneous masses at one period, and heterogeneous masses into homogeneous 
masses at another period. The homogeneity and heterogeneity are applied to the inorganic and organic kingdoms 
alike. Heterogeneity is held to be another term for differentiation, and differentiation applies to the structure 
of the universe as a whole, and to plants and animals as integral parts of it. Two things are to be considered in 
this connection. First, can mere attraction and condensation convert strictly homogeneous substances into hete- 
rogeneous ones ; and second, can mere physical heterogeneity, unaided, produce differentiation and division of 
labour in plants and animals ? This is a subject of the greatest possible importance, for on it hinges the existence 
or non-existence of a large number of elements in the inorganic kingdom, and a large number of different substances 
in the organic kingdom, not only in the embryonic but also in the young and adult states. One can readily con- 
ceive a highly heated molten mass where the elements of the universe are blended, and apparently form a homo- 
geneous whole. Similarly in reproduction the germ, seed, and egg may consist of apparently homogeneous and 
identical matter, but (and the but has great significance in the present case) are the elements annihilated by mere 
superheating, or can elements, if they do not exist in the molten mass, be obtained from it by mere aggregation, con- 
densation, and cooling ? In like manner, are the potentialities and dormant powers of the germ, seed, and egg 
destroyed by being reduced to a molecular mass, or can the various tissues, soft, hard, and otherwise, of the body 
be developed from the germ, seed, and egg as apart from latent or actual heterogeneity therein ? I do not think 
they can. I am disposed to believe that much confusion has been introduced into the consideration of the inorganic 
and organic kingdoms by the lax use of the terms homogeneity, heterogeneity, and differentiation. If a thing 
be absolutely homogeneous and identical in all its parts and particles it cannot, strictly speaking, be converted by 
any physical process into a heterogeneous substance. Neither can a heterogeneous substance be converted into a 
simple homogeneous one. They are the opposites of each other. Mere heterogeneity, on the other hand, does 
not result in differentiation from the botanical and zoological points of view. To differentiate in biology is to 
produce different substances, structures, and organs discharging dissimilar functions. This involves life, a First 
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apparently anomalous instances of change of property accompanying change of temperature, as in the case of 
phosphorus. While, of course, it is open to the theorist to hold that these elements are varieties of some ultimate 
single substance, there seems no prospect that a proof will ever offer itself." The tendency is for the elements slowly 
to increase in number as our methods of chemical and other analysis improve. 

The discoveries of Sir William Crookes by the aid of vacuum tubes go to show that matter exists in a much 
more attenuated form than is represented by the elemental atom, and that a new or fourth estate must be assigned 
to it — that is, a condition in which it is neither solid, liquid, nor gaseous in the ordinary sense. A reference to 
Sir William Crookes's researches has already been made. 

Protoplasm, at one time considered homogeneous and identical, is now known to be compound to quite a 
remarkable extent. The same is to be said of the elements. As time advances, apparently simple bodies are. 
being resolved into two or more separate bodies. The tendency is not to unify and simplify matter but to splits, 
it up indefinitely. The differentiation of matter even in its most initial forms can alone account for th^ 
extraordinary powers possessed by the lowest and most rudimentary plants and animals, and for the successive^ 
embryological changes and stages through which plants and animals pass during development. 

The differentiations which characterise the embryological changes referred to are stereotyped, so to speak, 
in adult plants and animals. 

All the fluids and tissues of plants and animals, in some respects infinitely diverse, cannot possibly be the 
product of one or two simple substances. This is a matter of common sense no less than of science. 

CREATION A PROGRESSIVE WORK 

The consideration of ultimate matter and force raises the whole subject of creation. The most natural view 
to take of this stupendous question is to regard it as a progressive rather than a finished work. The history of the 
heavenly bodies, our planet, and plants and animals favours this hypothesis. It can scarcely be doubted that 
worlds are in process of formation at the present day, and that plants and animals, as a complementary part of these 
worlds, are being continually produced. 

The inorganic and organic kingdoms form one great whole, and are correlated not only in their aggregates 
but in their details. They are interdependent in the strictest sense, and what is taken from the one is returned 
to the other, sooner or later. Both kingdoms have a common origin, in the sense that they are the work of the 
same hand and are controlled and supervised by the same master intellect. 

§ 38. Scriptural Account of Creation. 

The progressive view of creation is supported by revelation. The account given of creation in the Old Testament 
is one of progress and separate creative acts. The inorganic kingdom was created first, then came the organic ; 
the plants appearing before the animals, and both appearing according to a more or less ascending scale, culminating 
in man. All plants and animals were taken from the dust and will be returned to it sooner or later. The 
scriptural account is briefly as under : " In the beginning God created the heaven and the earth. And the earth 
was without form, and void ; and darkness was upon the face of the deep. . . . And God said, Let there be 
light. . . . And God divided the light from the darkness. And God called the light Day, and the darkness he 
called Night. . . . And God said, Let there be a Armament in the midst of the waters, and let it divide the waters 
from the waters. And God made the firmament, and divided the waters which were under the firmament from the 
waters which were above the firmament. . . . And God called the firmament Heaven. . . . And God said, Let the 
waters under the heaven be gathered together unto one place, and let the dry land appear : And God called the 
dry land Earth ; and the gathering together of the waters called he Seas. . . . And God said, Let the earth bring ; 
forth grass, the herb yielding seed, and the fruit tree yielding fruit after his kind, whose seed is in itself, upon the -= 
earth. . . . And God said, Let there be lights in the firmament of the heaven to divide the day from the night ;^ 
and let them be for signs, and for seasons, and for days, and years : And let them be for lights in the firmament- 
of the heaven to give light upon the earth : and it was so. And God made two great lights ; the greater lights 
to rule the day, and the lesser light to rule the night : he made the stars also. And God set them in the firmament* 
of the heaven to give light upon the earth, And to rule over the day and over the night, and to divide the light; 
from the darkness. . . . And God said, Let the waters bring forth abundantly the moving creature that hath 
life, and fowl that may fly above the earth in the open firmament of heaven. And God created great whales, and 
every living creature that moveth, which the waters brought forth abundantly, after their kind, and every winged 
fowl after his kind. . . . And God blessed them, saying, Be fruitful, and multiply, and fill the waters in the seas, 
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give and take in good and evil as between the most civilised and the most depraved members of the race. Man- 
kind cannot be divided by a hard and fast line, as is commonly done, into three categories — namely, the savage, 
the semi-savage, and the civilised. The three approach and touch each other at innumerable points in every stage of 
their history. The fact that men are all inhabiting the same planet at the same time, and are nevei wholly or widely 
removed from each other, shows that homo sapiens is originally and fundamentally one, whether of single or multiple 
origin. Physically, this can scarcely be doubted, and mentally they are never separated by an impassable 
gulf. The psychologist and alienist can always track the workings of the mind in health and disease, and the more 
the so-called savage is educated, the more certainly can his mental faculties be traced to a lofty source. 

The most depraved nations and individuals have an inkling of good and of a higher power, and as soon as 
their mental faculties expand and their moral sense asserts itself they recognise the difference between good and 
evil. They also come to see that punishment is the proper treatment for disobedience, and that a reward is due 
to the performance of meritorious deeds. The punishment may be death : the reward immortality. But I need 
not pursue this subject further : my object in referring to it at all is to invite the reader to take a common-sense 
view of life and death, and of disobedience, sin, punishment, and reward. The scriptural account does not clash 
with anything here stated, and it is always well, when dealing with abstruse subjects, to look at them from every 
conceivable point of view. I have to treat the subject from the anatomical, physiological, and psychological 
side only. 

Whatever may be thought of the scriptural account of creation by advanced and hypercritical scientists, there 
can be no doubt as to the sublimity and force of the language employed, and the great originality and far-reaching 
scope of the theory advocated. If it be deficient in some minor matters, it is, nevertheless, the most satisfying 
account of creation to be found in any treatise, ancient or modern. It regards the cosmos as a progressive work ; 
it recognises separate creations ; it acknowledges types in plants and animals ; it proclaims an ascending series in 
plants and animals ; it says nothing about evolution (in every case the seed of the plant and animal is said to be 
in itself) ; it makes for permanence and stability as opposed to variation ; it shows that the inorganic and organic 
kingdoms are complemental, and that plants and animals are also complemental and co-ordinated ; it establishes 
law and order, and is wholly opposed to chance. According to it, everything is foreseen and pre-determined. It 
advocates in the most uncompromising manner a First Cause and Design ; it relegates reproduction to laws which 
may not be departed from ; it indicates a plethora of plants and animals even at the beginning— no time being 
set apart for the manufacture of the one out of the other. It prepares an inexhaustible supply of food for plants 
and animals (the fiat is to be fruitful and multiply) ; it supplies plants and animals with a suitable home in 
anticipation of their arrival on our sublunary sphere ; its one dominant note is permanency in the midst of endless 
fluctuation ; it is absolutely explicit as to every living thing being taken from the inorganic kingdom and returned 
to that kingdom sooner or later ; it makes no mystery as to the existence of dead and living matter, or of physical 
and vital force, or of man and intellect as being the crowning or coping-stones of creation. Its language is singu- 
larly simple and direct, so that even he who runneth may read. Only the perversely blind can shut his eyes to 
the astounding truths contained in the opening chapters of Genesis. 

The historic account of the great events of creation is sufficiently virile to stand on its own legs, and it should 
be carefully studied by all those who take an intelligent interest in the great issues of life and death. According 
to it there is causality, and continuity, and supervision. The several creative acts are attributed to an intelligent 
and adequate First Cause. The lowest and highest plants and animals are produced with equal facility. There 
is no imperfection, no blundering, no want of power anywhere observable. Everything comes into being in natural 
and necessary sequence, and due provision is made for food supplies and all necessary requirements and supervision, 
so long as life lasts. 

The means are, in every instance, forthcoming. The nebulous masses which the modern telescope reveals 
supply the primitive (not necessarily homogeneous) matter from which spheres of various kinds (planets like our 
own included) are produced. 

The microscope reveals the primitive (not necessarily homogeneous) protoplasm to which plants and animals 
owe their origin. Oiven primitive matter (inorganic and organic) as a first instalment of creation, and a directing, 
controlling agency or power, all known phenomena, past and present, become readily intelligible. The question 
then, as now, hinges on the nature of the primitive matter. Is it homogeneous and simple, or is it heterogeneous ? 
That the two kinds of primitive matter now referred to are not simple and homogeneous, as many believe, is proved 
by this, that inorganic matter, as we know it, is infinitely varied, and cannot be produced by physical forces acting 
for shorter or longer periods on an absolutely homogeneous substance : similarly, organic matter infinitely diverse 
in its nature cannot be manufactured by vital force out of an absolutely homogeneous protoplasm. 

The vital and physical forces — all forces whatever — have free play in the production of the universe, and are 
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It appears, from the observations of Mr. Darwin and others, that very extensive regions of the continent 
of South America have been undergoing slow and gradual upheaval, by which the level plains of Patagonia, 
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covered with recent marine shells, and the Pampas of Buenos Ayree, have been raised above the level of the sea. 
On the other hand, the gradual sinking of the west coast of Greenland, for the space of more than 600 miles from 
north to south, during the last four centuries, has been established by the observations of a Danish naturalist, 
Dr. Pingel. And while these proofs of continental elevation and subsidence, by slow and insensible movements, 
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show that many of the lower and higher plants and animals were co-existent at a much earlier period than is 
generally supposed, or even from the first. The subjects of atmosphere, climate, food, &c., have here to be con- 
sidered, and these involve changes necessitating time for their production. Air, water, and soil had to be pro- 
vided as a necessary pabulum for plants, and plants as a necessary pabulum for animals. Plants and animals live 
upon each other : generally (but not necessarily) the higher and stronger upon the lower and weaker. Thus the 
parasites, the most debased of plants and animals, infest the highest plants and animals in large numbers. In a 
sense the highest plants and animals are as necessary to the lowest as the lowest are to the highest. A completed 
scheme of creation requires the co-existence at the same time, and in the same place, of the higher and highest 
and the lower and lowest plants and animals. Man certainly requires the lowest and highest plants and animals 
as auxiliaries of his existence. 

The presence of the simplest and most complex plants and animals in the same place and at the same time 
goes against the belief that the more complex plants and animals are manufactured directly or indirectly from the 
more simple and rudimentary ones. It also goes against the idea that plants and animals are capable of indefinite 
improvement. If this were so, and creation was non-progressive and confined to one period, such is the extreme 
age of the earth, the stock of rudimentary plants and animals would long ago have been exhausted — only the most 
perfect plants and animals remaining. As a matter of fact, however, the rudimentary plants and animals existing 
at the present day are enormously in excess of the complex ones. The rudimentary plants and animals are in 
reality a necessity. They form the food of the higher ones ; a circumstance which is strangely overlooked in dis- 
cussing the doctrine of evolution. Inorganic and organic matter may be said to prey upon each other. The soil 
forms the chief food of the plant, and a decomposing plant nourishes the soil. The same is true of plants and 
animals. The animal devours the plant, and both when dead enrich the soil. Sooner or later plants and animals 
return to the earth from which, under divine guidance, they originally sprang. Inorganic matter and rudimentary 
plants and animals are absolute requirements of the higher plants and animals, and the converse. 

While plants, as a rule, subsist on inorganic matter, a certain proportion of them (the insectivorous plants) subsist 
largely on animals. Certain animals (the Herbivora, for example) subsist exclusively on plants. Others again (the 
Garnivora) live exclusively on animals. Man, as an omnivor, devours all. As a matter of fact, life swarms upon 
life, and everything largely lives upon every other thing directly or indirectly. 

The gradation in plants and animals is practically unlimited, but this circumstance does not necessarily afford 
irrefragable proof of evolution and descent in the usual acceptation of these terms. It rather points to the in- 
exhaustible resources and infinite constructive skill of the Creator. There are main types and sub-types, a general 
plan and detailed plans, but all are necessary to a perfect scheme of creation. There is nothing in geology to show 
that the various substances composing our planet were originally manufactured out of one homogeneous sub- 
stance : neither is there anything to prove that the great races of plants and animals are the products of a primordial 
speck of homogeneous protoplasm. All that geology reveals is that certain physical conditions obtained when 
certain plants and animals lived, and that the physical conditions and the plants and animals changed, up to a point, 
from time to time in the past as they are doing in the present. 



ORDER IN WHICH PLANTS AND ANIMALS APPEARED ON THE EARTH 

In considering the problem of creation in relation to the inorganic and organic kingdoms it is necessary to take 
into account certain of the physical changes which have occurred and are occurring in inorganic matter, and all the 
vital changes which have occurred and are occurring in organic matter. It is here that the geologic record becomes 
so important as an instructor and guide. A reference to the geological chart given above discloses the fact that 
in the oldest rocks (Primary or Palaeozoic) the traces of organic remains are comparatively few ; that in the 
secondary or Mesozoic rocks they are more plentiful ; and that in the Tertiary or Caenozoic and Post- Tertiary (which 
are comparatively recent rocks) they greatly abound. 

It is a remarkable circumstance that even in the oldest known rocks organic remains are found. Thus in th& 
Lower Laurentian rocks, in an interstratified bed of limestone 1000 feet thick, what was once thought to be a 
foraminifer (Eozoon Canadense) has been discovered. Its antiquity is such that the distance of time which separated 
it from the Upper Cambrian period, or that of the Potsdam sandstone, may, says Sir W. Logan, be equal to the 
time which elapsed between the Potsdam sandstone and the Nummulitic limestones of the Tertiary period. 

The Occurrence in the oldest known rocks of organic remains fills the mind with wonder. It shows that life 
appeared on the earth untold ages ago. Nor is it quite certain that the earliest fossiliferous rocks have yet been 
discovered. Indeed some are of opinion that these have been destroyed by volcanic and other action. If so, 
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NATURAL AND ARTIFICIAL SELECTION CONTRASTED AND CONSIDERED 

Natural selection assigns to plants and animals a power to vary, and to discriminate, select, and perpetuate 
what is best in themselves, to the suppression and exclusion of the less useful or doubtful parts. 

While no plant or animal, from the lowest to the highest, can be regarded as a mere automaton mechanically 
formed, mechanically set in motion, and mechanically kept in motion, so, on the other hand, no plant or animal, 
from the lowest to the highest, can be credited with the power of selecting and perpetuating the best properties in 
itself, to the exclusion of the less desirable properties, in the so-called struggle for existence. Plants and animals 
cannot alter their original constitutions : even man cannot add a cubit to his stature, however much he may desire 
to do so. 

Natural selection, strictly speaking, is the counterpart, or rather the opposite, of artificial selection, but there 
is no proof that natural selection exists. Artificial selection, as is well known, implies the presence and existence 
of a selector or discriminator ; a judge who detects, assorts, and combines excellences in individuals of different 
sexes by crossing or inter-breeding. It improves breeds by combining and perpetuating excellences in different 
individuals. The selector is outside, or apart from, the thing selected. Natural selection, however, claims a 
power, and a very important one, not recognised in artificial selection ; it claims that individual plants and 
animals, from the lowest to the highest, can select, combine, and perpetuate their own excellences, as apart from sex 
and crossing, and in the absence of a selector, discriminator, and judge. Natural selection in this higher and more 
extended sense is a misnomer, and there is absolutely no proof of its existence. If the power to select exists, 
it must be referred to something outside the plant and animal. It can, as a matter of fact, only be referred to 
the maker, director, and upholder of the plant and animal. 

I am aware that the males of animals in many cases fight for the possession of certain females, and that 
females prefer certain males, which is a kind of selection ; but this is quite a different thing from saying that the 
males and females select and perpetuate what are regarded as the best qualities or properties in themselves. In 
reality no such selection is possible. The males and females respectively are to be regarded as aggregates, and 
they have no power to select and perpetuate certain properties or qualities (essentially details of themselves), as 
apart from these aggregates. In mating, even in man, the motives in selecting are frequently frivolous and sordid 
in character, and in no sense calculated to bring out the best qualities of the race. This has only to be stated to 
be endorsed. One can readily understand how a living plant or animal can be improved by artificial selection, and 
by the blending of good points in two or more individuals of opposite sexes, aided by suitable pabulum, surroundings, 
and training ; but it is incomprehensible that natural selection can secure the propagation and perpetuation of the 
best qualities in one and the same individual, and as apart from sex and the conditions referred to. Natural 
selection cannot be regarded as the main factor in evolution, and evolution itself only obtains in a restricted sense, 
and as applied to the types and sub-types of plants and animals. 

There is no such thing as an unbroken descent of plants and animals from one and the same tiny speck of 
primitive protoplasm by infinite permutations in practically endless time. All that can be said is that the types 
and sub-types of plants and animals are capable of improvement within limits. In this sense evolution (if 
admitted) carries with it the possibility of progress. The best parts in plants may be artificially cultivated, and 
the best traits in animals artificially developed by training and other means. 

In this restricted sense, evolution would account for the education and progress of civilised man in every 
department of his being ; for his intellectual, social, moral, and religious advances. It would account for the 
modifications and improvements in cultivated plants and in domestic animals. It would account for improvements 
under favourable conditions, and for retrogression and breeding back under unfavourable conditions, in wild 
plants and animals. It would lend itself to law and order both as regards progression and retrogression ; the rule 
being advance, with occasional retrogression in particular cases and under peculiar circumstances. 

That the scheme of creation, as we know it, is progressive and continuous is proved by the histories of 
existing plants and animals, by the presence in the crust of the earth of large numbers of fossils, in many cases 
of rudimentary extinct plants and animals, by the formation of sedimentary, volcanic, and other rocks in ancient 
and recent times, Ac. The scheme is a well-ordered and supervised one. It completely eliminates the element 
of chance. It provides for everything that has happened, is happening, and will happen. It is a case of the 
Creator everywhere in time and space, and of accident and blind chance nowhere. An all-powerful, over-ruling, 
vigilant Creator, Supervisor, and Upholder is an absolute necessity in the Cosmos as revealed to us and as we 
behold it. 
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and famine which occasionally alarm and shock humanity, are part of a great rule whose objective physiologically 
is the ultimate well-being of plants and animals, man included. The temptations, trials, and sacrifices incidental 
to life, even in its highest forms, have a meaning and a value, and it is for us to discover or endeavour to discover 
the final purpose, and bow to the inevitable. 

If we regard the organic part of creation only, it will be seen that death is a necessary part of life, and that 
suffering in one form or other, in many cases, precedes the highest enjoyment. 

§ 43. Plants and Animals subject to Disease. 

Plants and animals are subject to epidemics, which at certain periods carry them off in untold numbers. They 
are also a prey to bacteria, microbes, and parasites of all kinds. These epidemics, very appalling while they last, 
generally correct some suspected or known evil. Even disease has a function in removing weaklings and im- 
proving the general stock. Certain correctives have to be applied to both plants and animals to keep them in a 
normal condition. Weeds have to be extirpated among plants, and the fecundity of animals kept within bounds 
by wholesale slaughter for food and other purposes. Overcrowding in plants and animals invariably results in 
famine or disease. There is a balance in organic nature which, if disturbed, necessarily results in mischief. It is 
a mistake to preserve too closely, and to destroy birds and beasts of prey in too great numbers : the grouse, salmon, 
and other diseases are largely due to overcrowding. 

Slight variations as regards locality, soil, and climate are necessary to the well-being of plants and animals. 
Plants and animals confined within small, circumscribed areas degenerate. Change and cross-breeding become 
sooner or later a necessity ; hence the rotating of crops in husbandry, and the introduction of new blood in the 
production of prize stock. 

What holds true of plants and animals also holds true of man. He too is subject to epidemics, and from very 
similar causes. He suffers from famine ; he makes war, and is in turn assailed, decimation occurring on either side ; 
he overcrowds, and pays a heavy penalty in the shape of fevers, consumption, cholera, and other deadly ailments. 
The marriage of blood relatives, if long persisted in, results in mental and bodily weakness, and, in many cases, early 
death. The city population is never so robust as that of the country, and the blood of the inhabitants of the 
country must commingle with that of the inhabitants of the city in order to maintain a fair average of health. 

The normal conditions of plants and animals are due to a large number of circumstances over which we have 
very little control. Many of these are exceedingly baleful in character if individuals only are considered. The 
baleful character, as a rule, disappears when the good of the race is taken into account. All the so-called evils have 
their uses in the organic kingdom. They keep plants and animals within bounds, preserve the balance of nature, 
and maintain a higher standard than would otherwise be possible. Similarly, volcanic eruptions, floods, denudations, 
glaciers, the elevation and depression of land, extremes of temperature and climate, great winds, &c., make and 
keep the earth, as a whole, habitable for plants and animals. If the volcano and other great natural forces produce 
local havoc, their action is nevertheless beneficent when the finality of things comes to be considered. 

THE UNIVERSE AS A WORKING SYSTEM 

In considering the universe as a working system I am forced to fall back upon a Creator or First Cause — an 
intellectual Designer of means to ends — an Upholder and Controller of everything which is, and without Whom no 
change can occur either in the tiniest atoms or in the most ponderous bodies known to science. 

To the Creator or First Cause is to be attributed the production of all matter, inorganic and organic, and all J 
force, physical, vital, and mental. Everything that is exists by and through the Creator : it is what it is because ^ 

the Creator made it : the thing does not make itself : nothing happens by accident, and nothing is left to chance 

There is no room for spontaneous generation, or for modifications of living things which are not intended and pro 

vided for. It is not possible by any supposed laws or formulae to exclude the Creator from His own universe, an 



the extraordinary way in which everything hangs together and is inter-dependent and correlated tends to show tha 
all is referrible to one master mind, which is continuously at work. The recurrence of day and night and the seasons-, 
so necessary to the well-being of plants and animals ; the arrangements for their activity and repose, and for thei 
proper nourishment and habitation ; all testify to unity of plan and harmony as between the Creator and the thin^' 
created. Nothing is out of joint. According to this view inorganic and organic matter, and physical, vital, anc? 
mental force, have a common origin. They are parts of a great whole, where the parts perform harmonious functions. 
The parts are in no sense inimical or hostile to each other when the whole plan is considered. While the Creator 
may, in a sense, and for dialectic purposes, be regarded as distinct from the thing created, He nevertheless pene* 



238 DESIGN IN NATURE 

necessary, under certain circumstances, to establish an equilibrium which is invariably beneficial. The aggre- 
gating and marshalling, and the breaking up and distributing of matter goes on incessantly, but the synthetic 
and analytic processes are all under control and supervision. Is a new molecule to be formed ? The atoms are 
provided, assorted, and the necessary combining powers conferred. Is a certain cell required ? Atoms and 
molecules of particular kinds are forthcoming for its production. Is a tissue, a gland, or a special organ a deside- 
ratum ? Adequate and special preparations are made which exclude the possibility of failure. All these things are 
achieved not by accident but by design and forethought. 

Is an old star, or sun, or system, to be destroyed and new ones formed ? They are broken up and thrown 
into the seething, nebulous cauldron. From the white, molten, gaseous, formless mass, suddenly a centre ot 
attraction appears which assumes right or left spiral movements, and draws towards itself outlying nebulous matter 
in ever-widening spiral streams ; or conversely, the spiral streams acting from without converge upon a central 
point and so form a spiral nucleus. That heavenly bodies at times explode, fly off at tangents, and form new 
combinations is well ascertained. A time arrives when the new sphere is completed and launched into space 
on its own account. 

Is an existing sun waning and wasting ? It is fed as regards heat and energy by effete bodies attracted to it, 
and which, crossing its path and colliding, restore the lost energy and heat in the proportions required. 

These cosmic and other operations are all planned. If there were not law, order, and method of the most 
far-reaching description, catastrophes of the most appalling kind would be incessantly occurring. The fact that 
they do not occur, or to the most trifling extent, is the most convincing proof we can possibly have that design 
reigns supreme in the universe. 

Until a comparatively recent period the atom was regarded as the smallest conceivable particle. Sir William 
Crookes, however, showed (circa 1870) that matter in a still more minute state of division than the atom existed, 
that in fact the atom itself was formed by the coalescence of still more minute particles which pervaded space. 
He claimed for matter a fourth estate, and maintained that there was a form of matter which could not strictly 
be classed either as solid, liquid, or gaseous in the ordinary sense ; the said matter being ultra or super-divided and 
separated. The subject has recently (1903) been taken up by Sir Oliver Lodge. I refer to his researches in passing 
because of their supposed intimate connection with the ultimate matter of the universe. Sir Oliver remarks that 
the ultra or super-divided matter consists of fragments of matter, ultra-atomic corpuscles, minute things, very much 
smaller, very much lighter than atoms — things which appear to be the foundation-stones of which atoms are com- 
posed. Professor J. J. Thomson measured the mass of these particles and found that they were of less mass than 
the atom of hydrogen ; whereas the atom of hydrogen had been the lightest body hitherto known. These small 
corpuscles, also called electrons, were about the one-thousandth of an atom of hydrogen in mass, and he further 
made this important observation, that whether hydrogen or oxygen or carbonic acid, or any other gas was in 
Crookes's tube, the particles into which these substances seemed to be broken up by electric action were identical, 
and independent of the nature of the gas in the tube. The speed at which the corpuscles travel was found to be 
something comparable to that of light — about one-thirtieth or sometimes even one-tenth of the velocity of light. 
Anything moving with the prodigious speed of several thousand miles per second must have a great amount of 
energy, and, when stopped by a target, naturally considerable results are produced : their inertia is extremely small, 
but a body, no matter how small, moving with the speed of light, must have terrible energy. M. Becquerel was 
the first to discover the radio-active powers of matter. In the researches of Dr. Russell various substances were 
found to possess this quality of giving out something on their own account. The most important developments 
were made by Monsieur and Madame Curie in France, who found that polonium possessed the properties of 
uranium, and that radium in turn possessed the properties of uranium in a most extraordinary degree. The rays 
given off by these substances are of extraordinary interest ; they have marvellous penetrating powers, and are 
very intense— more intense than the X-rays given by a Rontgen tube. Radium rays will not only penetrate a foot 
of aluminium or wood, but they will penetrate three-eighths of an inch of lead, and then be as strong as are the 
rayB from uranium. There are three kinds of radiation : ( 1 ) particles which are readily stopped by obstacles, absorb- 
able rajrs ; (2) the particles which penetrate obstacles with singularly penetrating power ; and (3) the ordinary X-rays. 
The X-rays are waves in the ether — not light. The penetrating rayB are electrons which are shot off. But the 
most interesting are the first rays, those which are easily stopped ; for these turn out to be atoms of matter shot 
off with a speed comparable to that of light. Professor Rutherford, now of Montreal, has measured for the first 
time the speed of these readily stopped, absorbable particles, and also their mass. He shows that they are atoms 
of matter, and that they are moving with one-tenth of the velocity of light. 

The size of the electrons is about one hundred thousandth part of the diameter of an atom, otherwise they 

^-'ont. inertia. They are the smallest bodies known. The electrons occupy the atom very effec- 
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§45. Irritability. 

This term is erroneously applied to both plants and animals. Plants and animals in a healthy normal con- 
dition cannot be said to be irritable. They are sensitive ; but this is quite another matter. Irritability, strictly 
speaking, can only be applied to unhealthy and abnormal plants and animals. The term irritability was first 
employed to indicate that something in plants and animals which caused them to respond to external stimulation. 
The term involved a theory, and, to prove the theory, a second theory — namely, that of artificial stimulation — was 
invented. 

§ 46. Irritability plus Stimulation. 

The theories of irritability and stimulation are necessary to each other. They take for granted that plants 
and animals require to be jogged into activity by something outside of themselves. They ignore the life, spon- 
taneity, and independence of plants and animals, and regard them as mere automata, which they certainly are not. 

To make this matter quite plain, it is only necessary to state that healthy plants and animals can, and do, 
habitually perform all their normal functions as apart from both irritability and extraneous stimulation. 

It is not denied that healthy plants and animals, and parts thereof, respond to electric and other stimulation, 
such as pricking, cauterisation, the application of mustard, acids, &c. This fact, however, does not prove that the 
plants and animals are irritable, and that they can only act in response to stimuli. Healthy plants and animals, 
as explained, are sensitive, and, as a consequence, shrink from violent treatment. As further explained, they 
perform all their functions spontaneously and independently, that is, as apart from irritability and stimulation. 
Moreover, the results obtained by artificial stimulation are not identical with similar results obtained in plants 
and animals which are not artificially stimulated. The most that can be said is that in certain cases, and under 
certain circumstances, artificial stimulation produces results akin to, but not identical with, results obtained by 
natural stimulation, which has its origin in the original endowments and life of the individual. If a muscle be 
pricked, or a nerve excited by an electric shock, it cannot be shown that the results obtained are identical with 
those witnessed in natural muscles and nerves not so pricked and excited. In the one case, the stimulation is 
artificial and from without : in the other case, it is natural and from within. The modus operandi is essentially 
different. The mechanical treatment of living plants and animals as if they were automatic machines has great 
attractions for a large number of enthusiastic modern physiologists. They pride themselves on obtaining what 
they are pleased to designate exact results. They are ambitious to measure, to weigh, to demonstrate, and consci- 
entiously record everything ; and they inconsistently, in many cases, resort to the employment of the most delicate, 
complicated, and expensive instruments, which they use in a clumsy, careless, inexact manner. Their modes of 
experiment are inexact and crude to a degree. They profess to obtain the secrets of the most sensitive tissues and 
organs in plants and animals by the employment of every conceivable kind of stimulus, and by hacking them about 
with knives, scissors, needles, &e., and torturing them until they are abnormal to an alarming extent, in the vain 
hope that they are imitating nature. I have seen one of the so-called exact mechanical physiologists constructing 
a chart of the power exerted by and the movements characteristic of the heart of a frog by partially detaching the 
organ from the body, by lacerating and displacing its nervous and muscular fibres, and by attaching the latter to 
a balance furnished with a stile or pen and connected with a recording cylinder. Nothing could possibly be more 
untrustworthy and incongruous. There was the usual employment of delicate, complicated, exact instruments with 
the most violent and barbarous, and, I am afraid I must add, ignorant procedure. The heart was deprived of its 
blood supply, the ganglia of the heart were displaced, torn, and abnormally excited, and, in many cases, destroyed ; 
and the cavities of the heart, especially that of the ventricle, were opened and partly teased out. To crown all, 
the lacerated, fatally injured, bloodless heart was occasionally jogged into spasmodic activity by the application of 
electrical stimulation. Here was an imitation of nature's methods with a vengeance ; yet the results thus artificially 
and ruthlessly obtained were duly published and paraded in a scientific journal as an exact physiological research. 
On another occasion I saw two well-known scientists open the abdomen of a rabbit and literally tear, and maul 
beyond recognition, the solar plexus with needles to discover the functions of the plexus by direct experiment. 
These are examples of badly directed experiments and faulty manipulation, but they illustrate the methods in 
many cases followed by the mechanical school. As compared with natural methods, the results obtained by even 
the most experienced and adroit experimenters are, at the best, doubtful, and to be received with the extreme of 
caution. It cannot be otherwise. If animal tissues and organs are lacerated or stimulated to any great extent, the 
circulatory, nervous, muscular, and other systems are abnormally disturbed, and a perfectly normal result, under 
the circumstances, is impossible. 
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of hearing ; light that of seeing. In like manner the ground is said to form the organs for walking and running ; 
the waters those for swimming ; the air those for flying. 

That environment influences plants and animals, up to a point, is readily conceded, but that it makes plants 
and animals what they are is an opinion which cannot be seriously entertained. 

At the outset, plants and animals are endowed with life. They exert* directive powers which make them 
superior to their surroundings. They appropriate and assimilate certain inorganic and organic matters and reject 
others : they exert vital force, and during their development and life histories they subordinate and guide or over* 
ride the physical forces, or act in conjunction with them. according to circumstances : they act as masters and not 
as slaves : they adapt themselves to, but are not modified by, their surroundings. There are in plants and animals 
fundamental and permanent constitutions which are never altered beyond recognition by environment. Plants 
and animals are originally adapted for their particular habitats : they are created to occupy certain positions in 
time and space : they are, in no sense, the creatures of circumstances. Plants and animals are to the earth what 
furniture is to a dwelling. They are parts of a preconcerted whole, and the outcome of design. Plants and animals 
adapt themselves to altered circumstances in virtue of inherent original powers which environment did not confer, 
and cannot take away. It is mere perversity to say that plants and animals, or parts thereof, are even indirectly 
the product of environment. A home had to be provided for plants and animals : that home is represented by the 
word " environment " : but it must be obvious to every one who reflects that the home is not to be confounded with 
its occupants, still less is the home to be credited with the formation of the occupants or with the changes occurring 
in them. The universe is divided into two great kingdoms, the inorganic and organic, and the two are comple- 
mentary and interdependent, and this is all that can be said. Certainly the inorganic kingdom and environment 
cannot be credited with the direct and unaided production or material modification of the organic kingdom. The 
two kingdoms are at once independent and interdependent, and their permanency and mutual relations are all 
provided for in the scheme of the universe as we know it. 

If environment or the home for plants and animals was provided before the plants and animals made their 
appearance, it is only another example of design and prevision. The scheme of creation necessitates environment, 
but environment plays a distinctly humble and subsidiary role. It administers to the life and well-being of plants 
and animals, but more than this cannot be claimed for it. It certainly does not indefinitely modify the structure 
and appearance of plants and animals. 

While plants and animals, as explained, exercise a discriminating and directive power as regards the matter 
by which they are surrounded, they have no power to select and perpetuate perfections and suppress imperfections 
in themselves, as is claimed by those who advocate the doctrine of " natural selection." 

The plant and animal cannot prevent, neither can they increase or diminish, the growth of any particular part 
either during development or during the adult state. The parts forming plants and animals are pre-determined, 
in the sense that each plant and animal produces only its kind according to types. Neither plants nor animals 
can, of their own initiative, depart to any extent from their types ; any accidental aberration being, sooner or later, 
corrected. Plants and animals have no power to develop on lines selected by themselves. They are conditioned 
and have their prescribed limits ; in other words, their activities are confined, both as regards direction and amount. 
This is proved by the reversion or breeding back of cultivated plants and animals. Plants and animals, if left 
to themselves, revert to their originals. A distinction is to be drawn between plants in a state of nature and plants 
and animals artificially selected and deliberately crossed — to perpetuate what are considered good points and eliminate 
what are regarded as weak points. The cultivator works, in a sense, against nature, and produces, in not a few 
cases, abnormalities and monstrosities. The artificial breeder obtains his results by fostering development in one 
direction and repressing it in another. He, in reality, creates an abnormal and artificial state of things. He also 
creates what may be considered a false environment by housing, forcing, manuring, feeding, &c. The abnormalities 
referred to are corrected in a state of nature, where there is a marked tendency to equalisation ; the strong pairing 
with the weak, the tall with the short, the fair with the dark, the slender with the obese, and so on, illustrating the 
adage " extremes are ever neighbours." 

Strictly speaking, there is no such thing as " natural selection." Selection implies a selecting power outside 
the thing selected. In nature no such power exists, if, and when, the Creator is excluded. In the case of artificial 
selection a selecting power, outside the plant and animal, is always present. The phrase " natural selection " has 
been introduced as the equivalent of " artificial selection," which it cannot be shown to be, and Mr. Darwin has, 
it appears to me, unwittingly established a false analogy which is at once pernicious and misleading. To say a 
plant or animal " naturally selects " and perpetuates perfections in itself, while it suppresses imperfections, is to 
attribute to the plant and animal the prerogative of the Creator of the plant and animal. The advances made by 
plants and animals are pre-determined, and form part of the ascending scheme of nature according to types. The 
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advance in plants and animals, and the cosmic changes which accompany them, are not the outcome of accident, but 
of pre-arrangement and design. This ensures uniformity and prevents confusion. While there is a well-marked 
tendency to advance, progress is at times interrupted. In such cases not only is there no advance but there is 
deterioration, followed, in not a few instances, by extinction. Here we have the rule and the exception. Plants 
and animals, permanent to an extraordinary degree, even in their details, at times reach high-water mark, after which 
they retrogress and partly or wholly disappear. This should not happen according to the doctrine of evolution and 
"natural selection," where the fittest survive in an unbroken, continuous line ; all plants and animals being derived 
from a primordial cell and its representatives. There should, according to natural selection and evolution, be no 
gaps in the flora and fauna, geologically or otherwise. The missing links should be found somewhere. If plants 
ami animals are originally derived from one stem, failure in one line should be made good by another line : the trail 
should never be lost. The subject of " natural selection " is fully discussed further on. 

5 48. Instinct 

This term has been variously defined. 

According to Webster it is a natural inward impulse ; an unconscious, involuntary, or unreasoning prompting 
to any mode of action, whether bodily or mental, without a distinct appreciation of the end or object to be accom- 
plished : a natural unreasoning impulse by which an animal is guided to the performance of any action, without 
thought of improvement in the method. 

According to Paley it is a propensity prior to experience, and independent of instruction. 

According to Whately it is a blind tendency to some mode of action, independent of any consideration, on the 
part of the agent, of the end to which the action leads. 

According to Sir William Hamilton it is an agent which performs blindly and ignorantly a work of intelligence 
and knowledge. 

There is perhaps no word in the English language which has been more vaguely employed and interpreted, and 
which has introduced more confusion in physiological and psychological problems. Nor is this to be wondered at 
considering the nature of the definitions given of it. These, for the most part, involve a contradiction in terms. 
They speak of what are virtually intelligent acts performed blindly, unconsciously, unintentionally, and without 
previous knowledge, training, and experience. With such a medley of meaning, misapprehension and confusion 
are inevitable. 

It is quite evident that intelligence and consciousness in one form or other, and at one period or other, must be 
predicated of every instinctive act. Either the animal or its ancestors must be regarded as conscious and intelligent 
when they arrange and devise means to ends, or the Creator must act directly through them. The so-called 
instinctive acts are born of intelligence and consciousness, and the instinctive habit is produced by repetition in the 
individual. In all instinctive acts there is the element of design, but design implies a conscious, intelligent Designer, 
either within or without the animal which acquires and avails itself of the instinctive habit. There is direct proof 
in the higher animals that the so-called instinctive acts in the lower animals are produced originally by intellectual 
conscious efforts frequently repeated. The instinctive or automatic acts in man are so produced. 

There are grave difficulties as to the employment of the term instinct in scientific phraseology. It is too inexact 
to be useful, and it is to be hoped it will soon become obsolete. 

In one sense instinct is higher than intelligence, as it acts with greater celerity and with equal certainty ; in 
another sense it is lower, as it is a mere unreasoning prompting in a particular direction without anything to guide 
it. It is plain that instinct cannot at one and the same time be intelligent and unintelligent, and this is exactly 
what is erroneously claimed for it. It is obvious that the element of intelligence, past or present, is always present : 
it is equally obvious that consciousness, past or present, is a factor : finally, it is mixed up with repetition or habit. 
As generally employed, instinct represents intelligent conscious acts repeated in the individual and in the race until 
they become (as the result of habit) unintelligent and unconscious — that is, automatic. It really represents acts of 
unconscious cerebration. Considered from the physiological side it involves the education and training of the nervous 
system, especially of the brain, in the individual and in the race. Considered from the psychical side it involves 
the employment of conscious reasoning and the arranging of means to ends, immediate or remote. Intelligence, 
consciousness, and repetition must all be predicated in instinct, and in this extended sense it is applicable to most 
of the lower animals and to man. The term is, however, a faulty one, as it includes too much or too little, according 
as the object is to exalt or depreciate the reasoning powers. In the case of the lower animals, such as the ant, the 
bee, the spider, bird, &c, instinct figures as a power superior to reason, where means to ends are secured without 
consciousness and thought : in the case of the highest animals, instinct has its seat originally in conscious thought, 
reflection, and repetition. 
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It goes without saying that the ant, the bee, the spider, and the bird cannot build their nests and cany on their 
domestic economy as apart from conscious thought any more than men can build houses and cities and institute 
governments as apart from conscious intelligent effort. If consciousness and intelligence within limits be denied 
the ant, the bee, the spider, and the bird, then it is obvious that these attributes must be exercised by the Creator 
in and through them. The nest of the ant, the honeycomb of the bee, the web of the spider, and the nest of the 
bird are constructed with surpassing skill. They are, in no sense, chance products. On the contrary, they are 
paragons of workmanship and design, and the highest resources of mathematics, physics, and mechanics are not 
unfrequently laid under contribution. Consciousness and intelligence are, though to a less degree, present in their 
case as they are in man. It is mere evasion to say that an ant, a bee, a spider, and a bird build their nests exclu- 
sively by instinct, and that a man builds his houses and cities wholly by conscious intelligent effort. The distinction 
is altogether artificial. As there is no difference in the nerve substance of the lower and higher animals, and no 
breach of continuity in the chain which connects the one with the other, it is evident that what holds true of the 
highest animals also holds true, within limits, of their lower congeners. 

I have to express my conviction that conscious reasoning power can be traced in all the lower animals where, 
in their workings, they provide examples of the adaptation of means to ends. Similar remarks are to be made 
(but in a modified and lower sense) of plants, where no differentiated nervous system exists. The presence of a 
nervous system, as we know it, is not necessary to adaptation, and the arranging of means to ends. 

The subject of instinct raises the important question of reflex nerve action as it exists in the higher animals 
and in man. As is well known, the nervous system in man is divided into two parts : the cerebrospinal part, con- 
sisting of the brain and the spinal cord plus the sensory and motor nerves, and the sympathetic part, consisting of a 
double chain of nerve ganglia extending on either side of the vertebral column plus visceral and other nerve plexuses. 
These two parts are united to each other at various points ; the nervous system in reality being a continuous whole. 
There is this peculiarity. The voluntary movements of the body are controlled by the cerebro-spinal portion : the 
involuntary, for the most part, by the sympathetic portion. The modus operandi of the cerebro-spinal system is 
usually as follows. A sensation due to some external object is transmitted from the peripheral sensory nerves which 
travels inwards to the ganglia of the spinal cord, and thence to the ganglia of the brain, where it is perceived and 
interpreted. The brain in turn sends an impulse, which travels outwards by the motor nerves to the muscles which 
are set in motion. The brain can act independently from within, as apart from sensations or impulses transmitted 
from without. In other words, the brain, or the mind acting through it, can originate motor impulses similar in 
some respects to the sensory impulses transmitted by the sensory nerves and the sense organs. In the case of a 
reflex nerve action the sensation, as a rule, only reaches the ganglia of the spinal cord, where it is perceived and inter- 
preted ; a motor impulse being generated and sent on to the muscles by the motor nerves without the knowledge 
or co-operation of the brain. The reflex act does not involve volition and consciousness in the ordinary sense. It 
may occur in the decapitated frog and in man where the brain or the upper part of the spinal cord are diseased, and 
where they are functionally cut off or disassociated from the spinal cord as a whole. In such cases, the reflex act 
may be largely explained by a nerve habit acquired by constant repetition of acts performed by the entire cerebro- 
spinal system during the life of the individual : the spinal cord and sensory and motor nerves being taught to 
perform their parts independently of the brain. 

The nerve-habit due to the repetition of certain acts becomes after a time automatic, and when once estab- 
lished forms what may be regarded as part of a self-acting machine, which when once set in motion is inclined to 
go on indefinitely. This is true of nerve reflexes generally, and of the nerve and muscular arrangements of the 
heart, lungs, alimentary canal, bladder, uterus, &c. 

The nerve-habit in the higher animals is almost invariably associated with a muscular habit, and it is often 
exceedingly difficult to distinguish between the two. The nerves and muscles, as a rule, act conjointly, but they 
also, as will be seen further on, act singly and independently. The brain by its motor nerves may send impulses to 
the muscles of an amputated or paralysed limb. Similarly, the heart may act without its nerves and as apart from 
the brain. The heart of the chick is composed of a mass of nucleated cells with no trace of either nerves or muscles, 
yet the organ acts perfectly. 

If the sensory nerves be diseased or from any cause paralysed, no sensations reach the brain, and if the motor 
nerves be similarly circumstanced no motor impulses reach the muscles. The self-acting machine formed by the 
co-ordinated movements of the nerves and muscles must be intact for the performance of cerebro-spinal voluntary 
acts. In the case of reflex nerve acts it suffices if a portion of the self-acting machine is unimpaired and in perfect 
working order. 

The point of transcending interest in this connection is the relation of the reflex nerve acts of the higher 
animals to the nerve acts witnessed in the lower animals having a nervous system (with or without a brain) ; it being 
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customary to regard all the nerve manifestations of the lower and lowest animals as reflex, mechanical, and involun- 
tary, the power of voluntary movement being reserved for the highest animals and man. The effect of this 
sweeping conclusion in favour of reflex acts is to deprive the lower and lowest animals, wholly or in part, of con- 
sciousness, intelligence, and the power of voluntary movement — a state of matters which not only places the lower 
animals on a very much lower level, but which confines the power of volition and of reasoning to man, the monkeys, 
and a few of the higher animals. For this there is no warrant. That the majority of the lowest animals move volun- 
tarily and quite apart from reflex action will be readily admitted by all who have made this subject a special study. 

INSTINCT AND INTELLIGENCE 

As already stated, intelligence precedes instinct. We have proof of this in our own experience. If voluntary actions 
are repeated at intervals and frequently, they become instinctive and automatic — that is, they are performed without 
thought. To learn to walk requires much conscious effort on the part of the child. When the art of walking is 
acquired it is performed in the absence of all thought and effort. What is true of child movement is true of animal 
movement as a whole. I shall probably be here told that the lower animal forms have no minds, no reasoning powers. 
My reply is that they are capable of what are practically voluntary designed movements, and by that I mean move- 
ments to given ends. I further reply that the controlled movements witnessed in the lower animals are the outcome 
of mind, or its equivalent, either in the living thing itself or in the Creator Who made it, and Who regulates and 
adapts all its movements, be they small or great, simple or complex. It is not conceivable that the innumerable 
multitudes of living things could exist if they were deprived of volition, or its equivalent, and if they were not 
cared for. In the great scheme of creation everything is arranged, and contingencies of every possible kind antici- 
pated. To the simplest and most complex plants and animals separate roles are assigned, and these roles are per- 
formed, in a sense, intelligently. This intelligence in the thing created, or the Creator Who formed and works in it, 
accounts for the habits and adaptability of plants and animals. It assigns them their place in nature. It explains 
how plants grow in certain directions, assume given shapes, and produce seed, &c. ; how animals move to and fro 
in certain well-defined grooves ; how they sleep and wake, hibernate, migrate, build nests, store up food, procreate, &c. 
If the actions of the lower animals pre-suppose experience and reasoning powers which cannot be conceded to them, 
then we are forced to fall back upon the inscrutable powers of the Creator. It is beside the question to say the 
spider spins its web, the bee constructs its comb, the ant its complex dwelling, and the bird its beautiful nest, by 
instinct ; still less can it be said that the bee stores its honey and the ant its food by instinct. These are rational 
and far-reaching actions. They can only be explained in one of two ways. They are either the result of experi- 
ence and reason (or its equivalent) in the present race or the ancestors of the spiders, bees, ants, and birds ; or they 
are due to an intelligent First Cause Who guided the ancestors, and continues to guide the offspring — the descendants 
of the said spiders, bees, ants, and birds. Instinct in its modem acceptation represents a blind or unpremeditated 
act, but the spiders' web, the honey-comb, and the ants' and birds' nests are miracles of design and intelligent 
architecture. No amount of experience in the lower forms of life could, apart from intelligence of some kind, 
culminate in such marvellous works of art. It has been thought that the accumulation of acquired characters 
through untold ages, natural selection, and hereditary transmission largely account for the existing state of things, 
but I would point out that to acquire, select, and transmit characters implies intelligence — intelligence of a high 
order, and intelligence incessantly at work from the dawn of creation. Moreover, no number of acquired characters, 
if accidental, would ever produce a progressively improved plant or animal. The acquired characters, to be useful, 
must be employed according to a given plan by a voluntary intelligent agent. Accidental chance characters can 
achieve nothing. Progress and improvement imply intellect, and whenever and wherever they occur intellect 
must be predicated. 

It is a mere trifling with language and with facts to talk of instinct as a blind impulse, but one which, neverthe- 
less, attains given ends with the certainty and precision of an unerring, intelligent agent. A thing cannot at one 
and the same time act blindly and intelligently. The so-called instinctive acts, in every instance, involve intelli- 
gence either in the creature or the Creator. The definitions given of instinct necessitate, as I have already shown, 
a contradiction in terms. 

The rule would seem to be, that intelligence is vouchsafed to the animal according as its structure becomes 
complex, and its powers of independent action are multiplied. The Creator guides and takes care of creatures 
which cannot take care of themselves. 

It is impossible to disassociate instinct from intelligence and knowledge, and wherever we have clear adapta- 
tions of means to ends we are dealing with a planned whole and design as contra-distinguished from chaos and 
chance. 
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§ 49. Effect of Cosmic Changes on Plants and Animals. 

Considering the intimate relation which obtains between the organic and inorganic kingdoms — between plants 
and animals on the one hand, and the elements composing them, and circulating within them, on the other — it 
follows that plants and animals are more or less influenced by their surroundings and by cosmic changes, such as 
light and darkness ; day and night ; the seasons ; heat and cold ; moisture and dryness ; absence or presence 
of electricity in the atmosphere, &c. 

Plants, on the whole, are more susceptible to cosmic changes than animals, from the fact that their affinities 
with the inorganic kingdom are closer, and more pronounced. This follows, because they are, with few exceptions, 
fixed to the earth and dependent, in a great measure, for their food on their immediate surroundings. 

The extent to which the cosmic changes referred to influence plants and animals is, in every instance, limited. 

The changes in question affect plants and animals most in a state of domestication. Wild plants and animals 
are comparatively little influenced by them. 

That cosmic changes and environment do not essentially alter the forms and functions of plants and animals 
is proved in two ways : — 

(a.) Plants and animals, varieties of which have been obtained by man's selection and fostering care, revert 
to their originals if left to themselves. Thus the several cultivated grains and vegetables, if allowed to run wild, 
degenerate and breed back. The same may be said of animals : the endless varieties of pigeons, if uncared for, 
all revert to the blue rock pigeon. 

(b.) Animals have not perceptibly changed during the historical period. Thus man has had the same external 
configuration and traits of character for at least five or six thousand years. Egyptian tombs some five thousand 
years old display drawings of the five leading races of man as recognised at the present day. They also give repre- 
sentations of a large number of domestic and other animals, which are the same now as they were in the days of the 
Pharaohs, and in the remote past. 1 

If we go back to geological records, we find foraminifera in all respects similar to those existing at present, 
which lived at an inconceivably earlier period, and long before the appearance on the earth of fishes, reptiles, birds, 
and animals. 

Sir J. William Dawson, when speaking of the origin of specific types and varieties and the external conditions 
favourable to their production, and when discussing the question as to " whether the conditions favourable to the 
appearance of new varieties were also those favourable to the creation of new types or the reverse," says : " In the 
present state of our knowledge we have no good ground either to limit the number of specific types beyond what 
a fair study of our material may warrant, or to infer that such primitive types must necessarily have been of low 
grade, or that progress in varietal forms has always been upward. The occurrence of such an advanced and 
specialised type as that of Dadoxylon in the Middle Devonian should guard us against these errors. The creative 
process may have been applicable to the highest as well as to the lowest forms, and subsequent deviations must have 
included degradation as well as elevation. I can conceive nothing more unreasonable than the statement some- 
times made that it is illogical or even absurd to suppose that highly organised beings could have been produced except 
by derivation from previously existing organisms. This is begging the whole question at issue. . . . 

" There is no reason to believe that any specific change has occurred in any plant within the Pleistocene or modern 
period." 2 

In an address delivered to the biological section of the British Association, Mr. Carruthers has discussed this 

1 As urclneological research is prosecuted, and our knowledge advances, it liecomes more and more evident that civilisation and art in Egypt 
are considerably older than was susiiectcd even a few years ago. It is now lielieved that man was in a forward state of civilisation as far hack a* 
9000 years #?//». To Professor Flinders Petrie the discoveries establishing this fact arc mainly due. Many other distinguished investigators have 
contributed their quota, among whom mav be mentioned M. Cajwirt, who has written an interesting work on " Primitive Art in Egypt. ' 

M. Capart in his volume shows that Egyptian art is indigenous, and was not greatly affected by outside influences. He says that recently- 
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ascribed to dates lying lietween 7000 b.c. and lf(>00 fie, and the first dynasty is supposed to have Wn found in Petrie's excavations of the small 
town of Abydos. 

The following abstract has reference to a work, "The Egyptians in Egypt," by Professor Flinders Petrie : " Far liack in pre- historic times the 
savage who wandered over the wild desert mountains of Sinai picked up little scrape of sky-blue stone which pleased his fancy. These were 
doubtless preserved by being stuck into holes in his weapons and objects of wood, as the Bcdawin do now ; and these decorated thingB were 
traded over into Egypt. The pre-historic man of Egypt demanded more, and a trade in turquoise sprang up, and provided the turquoise beads 
which were treasured for necklaces in the Nile Valley about eight thvusawi years ago. The primitive workers doubtless extracted the stones from 
the sandstone rock by means of the flint-scrapers, such as are found by hundreds in the old mine-heaps. When Egyut passed into the settled form 
of unified government, nnder the dynasties, the early kings would not leave this supply of jewels unclaimed. So in Sinai, as far back as alxrat 
4600 B.c. there are figures of the Egyptian king smiting the natives, and of the general who headed the expedition. These are the oldest 
sculptures known. Several such scenes of triumph were carved by later kings, especially those of the pyramid i»eriod, as Seneferu, about 4000 b.c." 

* " The Geological History of Plants." Sconce Series, London, 1888. 
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question, and has shown that the earliest vegetable specimens described by Dr. Schweinfurth from the Egyptian 
tombs present no appearance of change. This fact appears also in the leaves and other organs of plants preserved in 
the nodules in the Pleistocene clays of the Ottawa, and in specimens of similar age found in various places in Britain 
and the continent of Europe. 1 

The difficulties attending the ordinary theories of evolution as applied to plants were well set forth by the same 
able botanist in his Presidential Address to the Geological Association in 1877. This address deserves careful 
study. One of his illustrations is the ancient willow, Salix polaris, which now lives in the arctic regions, and is 
found fossil in the Pleistocene beds at Cromer and at Bovey Tracey. 

Salix pclaris, he states, belongs to a sub-generic group containing twenty-nine species, which are arranged in 
four sections, that to which S. pclaris belongs containing six species. Now it is easy to construct a theoretical 
phytogeny of the derivation of the willows from a supposed ancestral source, but when we take our little 
S. pclaris we find that this one twig of our ancestral tree takes us back without change to the Glacial period. The 
six species would take us still farther, and the sections, sub-genera, and genus at the same rate would require an 
incalculable amount of past time. 

But when we have reached the branch representing the generic form we have made but little progress in the 
phylogenesis of Salix. The ordinal form, if it ever existed, must necessarily be much older than the period of the 
Upper Cretaceous rocks — that is, than the period to which the earliest known dicotyledons belong. 

All beyond the testimony of our living willows is pure imagination, unsupported by a single fact. So that here, 
also, the evidence is against evolution, and there is none in favour of it. 

Science must indeed always be baffled by questions of ultimate origin, and, however far it may be able to trace 
the chain of secondary causation and development, must at length find itself in the presence of the great Creative 
Hind, Who is " before all things and in whom all things consist." 

While evolution practically ignores what are virtually aeons of time, its supposed proofs are wholly dependent 
on unlimited time and the endless modifications which unlimited time is believed to beget. The human mind cannot 
realise or reason about unlimited time and unlimited change, so evolution can neither be proved nor disproved. 
What proof there is is, however, clearly against evolution, for if it can be shown that during vast periods of time 
plants and animals have not perceptibly changed, then, a priori, we are bound to attribute to plants and animals 
a very large measure of fixity and permanence : so large a measure as to render evolution next to impossible. 

There is another consideration. A large number of plants and animals, as geological records show, have become 
extinct. 

The fact that plants and animals have appeared on, and disappeared from, the earth goes to prove that they 
are not the product of a process of continued evolution. If they had been, it is reasonable to suppose that the 
44 missing links " would have been reproduced, and made good, by collateral evolutions, which is not the case. 

Whatever may be said as to the production of new forms in the past and present, there can be no doubt that 
large numbers of both plants and animals have disappeared and are disappearing. 

Further, geology shows that certain plants and animals have attained a high degree of perfection, and 
degenerated within limited cycles of time. This is true of the primeval ferns and cuttle-fishes. Moreover, crossing 
as between the several kinds of plants and animals is in no case unlimited. On the contrary, and especially in 
animals, barrenness, in the majority of instances, results after the first cross. Thus the horse and ass produce a 
mule or a hinney, but the mule and hinney are themselves barren. 

There is this also to be said. The effect of evolution is to mix up every conceivable kind of plant and animal. 
This makes for confusion. Separate creations, on the other hand, of genera, and it may be of species, by prescribing 
limits, lead to law and order. 

Evolution and retrogression are diametrically opposed to each other : they are reverse processes : retrogression, 
however, undoubtedly occurs. 

All the parts and organs of plants are developed, not by environment or surroundings, but by inherent vitality 
and original endowment. 

When a part or organ is not used it atrophies, degenerates, and even disappears. Thus in fishes bom and 
bred in the waters of dark caverns, the eyes are reduced in size and are useless as seeing organs. The same holds 
true of plants and animals which become parasites. The parasitic plant loses its roots, and the parasitic animal 
its power of locomotion. There is, however, this important difference : while disuse causes the organ or part of it 
to deteriorate, both as regards structure and function, use cannot make an organ or part of an organ. The so-called 
vestiges of useful structures so frequently met with in plants and animals are the remains of types and nothing 
more. They are not genuine organic links which prove either evolution or descent. 

1 "Proceedings of the British Association," 1889 ; " Pleistocene Plants of Canada," Canadian Naturalist, 1866. 
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Whatever view be taken as to the production and continuance of plants and animals on the earth, the necessity 
for a First Cause or prime mover is abundantly evident. 

A wide survey of the subject compels me to believe that whatever modification there is in plants and animals, 
is due not to environment and surroundings, but to original endowment and inherent vital powers, which enable 
plants and animals to accommodate themselves, within limits, to their surroundings. It is the plants and animals, 
which, under guidance, modify themselves, and this only up to a certain point. In no case do external stimuli, and 
environment, produce unlimited modification, or alter materially or permanently the form and functions of either 
plants or animals. To assert this would be to maintain that the dead surroundings of plants and animals control 
their activities, while in reality the surroundings are controlled by the plants and animals. 

When I say that cosmic changes affect plants and animals, I speak guardedly, and affirm that these changes 
do not alter permanently the ultimate constitutions of plants and animals as a whole, but only individuals, and within 
narrow limits. 

Thus a fertile soil, rich manure, and a suitable climate, under the direction of man, will increase the stature, 
and, it may be, slightly alter the form of a plant ; the plant reverting to its original type when these conditions 
are not complied with. The original or fundamental constitution of the plant is not materially altered in 
either case. 

In like manner, the animal, say the horse, may by careful feeding, exercise, and training in a good climate, be 
improved in size, form, power, and speed. The horse, however, at its best does not differ fundamentally or 
intrinsically from the pony or under-sized horse. The English race-horse and the Shetland pony are anatomically 
and physiologically one and the same animal. They are both horses. 

Plants grown in the dark, and in cold places, such as a cellar, are feeble, and largely destitute of colour. A 
potato or an onion grown under these conditions supplies the necessary illustration. The potato and onion, when 
grown in the dark, do not cease to be what they were and are. On the contrary, when the same plants are grown 
in the light, and under the genial influence of heat, they are the same as other potatoes and onions. 

Similar remarks apply to animals. 

Animals habitually born and bred in confinement are never robust, and, after a time, degenerate. Though they 
have enfeebled constitutions, the constitutions, such as they are, are not materially altered. 

Plants, for the most part, do not grow, or grow very little, during the winter. They assume great activity 
in the spring. Summer finds them at their best. Autumn slowly but surely diminishes their power. Still the 
seasons do not alter either the constitution or the original endowments of the plant. 

A plant grows more vigorously during the day, and when the sun shines, than during the night under stellar 
or lunar influences. Day and night do not, however, destroy or modify the constitution of the plant, and the same 
may be said of the animal. 

The seasons, the alternations of day and night, &c, are necessary to the well-being of plants. Plants have 
necessarily periods of activity and repose. They have to be fed and rested, just as animals have to be fed and rested. 

In the case of animals, the influence exerted by cosmic changes can readily be traced. In winter many animals, 
such as the snake, hedgehog, &c, hibernate. Animals, as a rule, are active or work during the day, and rest during 
the night ; but the seasons, and day and night, do not alter the idiosyncrasies of animals. Animals require to 
drink more water in a warm, dry atmosphere than in a moist, cold one. More food is required in a cold than a hot 
country. Animals are uneasy in a thunderstorm and when lightning is flashing about : still these external con- 
ditions (and they are striking and marked) do not in the least interfere with the form and functions of the individual. 

Plants and animals are responsive to cosmic influences, up to a point. They* are true to, and in sympathy 
with, their origins. They are of the earth, earthy, and they do not disguise or disown their connection with the 
elements of the inorganic kingdom. Like true children, they acknowledge the sway of the universal parent, but 
in so doing they do not give up or lose their identity. They live in harmony, so far as they can, with their sur- 
roundings. They are not at war with themselves or with their environment. They are not irritable entities which 
require for their growth, development, and well-being a ceaseless round of artificial stimulation, such as is supposed 
to be provided by environment and cosmic surroundings. 

The leaves of plants open their stomata and freely imbibe moisture during wet weather. They close them 
during seasons of drought. The rain and the drought are not the cause of the opening and closing of the stomata. 
These are not mechanical but vital acts. The opening and closing of the stomata are inexplicable as apart from 
the life in the leaves of plants. The natural effect of rain and moisture would be to close the stomata by swelling, 
and of dryness and drought to open them by causing contraction and shrinkage. The daisy (literally day's eye, 
or the eye of day) closes its petals at night, and opens them in the early morning. The opening and closing move- 
ments of plants are not caused by the darkness and light. This follows because plants open and close at all hours 



RHYTHMIC MOVEMENTS IN PLANTS AND ANIMALS 249 

of the day and night, and a floral clock can be arranged to indicate the hours with nearly as much certainty as the 

shadow on the sun-dial. 

A living clock composed of plants, or parts of plants, opening or closing at particular intervals, is only 

possible in living structures. Light, heat, cold, moisture, dryness, &c, are not necessary to the opening and closing 

movements. 

This is proved by the fact that parts of plants open and close at different periods of the day and night ; the 

stomata of the leaves, as stated, opening in damp weather, when we would naturally expect them to close, and 

closing in dry weather, when we would naturally expect them to open. 

The Volvox globator, which is an aquatic plant, opens and closes its vacuoles at stated intervals, as apart from 
every form of external stimulation. Other plants, when in a vigorous, healthy condition, exhibit rhythmical move- 
ments, and notably the Hedysarum (Desmodium gyrans), a native of the East Indies. The leaf in this plant is 
unequally pinnate, consisting of a larger leaflet at the end of the stalk, and two pairs of leaflets placed laterally. The 
smaller leaflets come towards and recede from each other with a jerking motion, every three minutes or so. The 
movements of the heart are certainly not more regular than those of the leaves now referred to. It cannot be the 
light or heat which produces the movements of the leaflets, for they go on in the dark in a reduced temperature ; 
and as they are most regular when the plant is most healthy, we are not entitled to assume inherent irritability or 
extraneous stimulation. The movements in the leaflets in some senses foreshadow a heart, and are no doubt con- 
nected with the nutrition of the plant. They teach us one very important fact, namely, that living organs and 
portions thereof can come and go, contract, expand, and perform stated motions at stated intervals, without the 
presence of nerves, muscles, elastic and other tissues, unless, perchance, these exist in an undifferentiated form, 
which is by no means improbable. According to Fee, the fluids drawn to the surface of a plant during light are 
kept in equilibrium by rhythmical evaporation ; the rhythmical movements of the leaves being referable to vital 
changes in the cell contents and vessels. 

As a proof that the presence or absence of moisture will not account for all the phenomena witnessed in cells 
and other structures, it may be stated that in the sensitive plant (Mimosa pudica) there is a swelling at the base 
of the petiole, the cells of which constitute, as it were, two springs which act in opposite directions ; so that if from 
any cause the one be paralysed, the other pushes the leaf in the direction of least resistance. The springs, if they 
may be so called, situated at the base of the petiole are set in motion by the rush of fluid, creating a turgid state 
of the one set of cells, and an empty state of the other. A kind of rhythmic movement is thus produced. What 
is it, one naturally inquires, which gorges the one set of cells and empties the other, if it be not a vital power exer- 
cised by the plant ? The fluid is present to both sets of cells alike. The same fluid certainly cannot stimulate the 
one set of cells to contract or shorten and the other to enlarge or lengthen ; and besides, so far as known, there are 
no contractile tissues present in the plant. Neither can the presence of moisture act as an irritant, moisture being 
necessary to the life of the plant, and a normal part of it. The only explanation that can be given is, that the plant 
lives, and that it sucks in moisture by the one set of cells, and ejects moisture by the other set, just as one part of 
the heart sucks in blood while another expels it. 

RHYTHMIC MOVEMENTS IN PLANTS AND ANIMALS 

I 50. These are Repetitions of Rhythms occurring in External Nature. 

It may, at first sight, seem far-fetched to say that the rhythms in plants and animals are the outcome of 
rhythms occurring in the inorganic kingdom. As, however, the organic kingdom obtains all its matter, and no 
inconsiderable portion of its force, from the inorganic kingdom, it need occasion no surprise if rhythms, of a very 
distinctive and well-marked character, make their appearance in plants and animals. 

The term rhythm is derived from the Greek pud/mo?. Strictly speaking, it means a measured motion. 
In a wider sense, it is a dividing into short portions by a regular succession of motions, impulses, sounds, accents, 
<kc., as applied to music, poetry, the dance, &c. In its widest sense, it may be regarded as an advancing and 
receding, a going and coming, a giving and taking, an opening and closing, a lengthening and shortening, &c. ; 
the repetition at intervals, and the time and manner of the repetition, being accessory to the main idea. 

While the element of time enters into our conception of all rhythms, it is necessary to explain that in physiology 
the time-limit for the recurrence of the movement forming the rhythms varies very considerably. Thus in the 
vermicular movements of the intestine during digestion, the movements proceed with great regularity and rapidity — 
so much so, that at times the rhythms may be said to run into each other : in the oesophagus in swallowing, and in 
the stomach in discharging chyme, they are considerably slower. 
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In the foetal heart they are 120 or so to the minute ; in the adult heart from 60 to 80 to the minute ; in the 
bladder they recur every four hours or thereby ; in the rectum every twenty-four hours or thereabouts ; in the menses 
or uterine discharges every month, and in human parturition at the end of nine calendar months. 

I propose to divide rhythms primarily into two great classes, namely, Inorganic and Organic. 

Under Inorganic Rhythms I include : — 

1. Those great cycles of time during which countries and continents have their climates changed, from 

excessive heat to excessive cold. 

2. The annual revolution of the earth round the sun. 

3. The seasons. 

4. The rotation of the earth on its axis every twenty-four hours. 

5. The alternations of day and night. 

6. The waxing and waning of the moon. 

7. The rise and fall of the tides, &c. 

Under Organic Rhythms I include the changes and movements occurring in plants and animals at stated and 
calculable intervals. They are connected with and more or less intimately dependent upon the inorganic rhythms 
referred to above. 

In Plants the chief rhythms are : — 

1. Those connected with reproduction and germination. 

2. Those connected with the rise and fall of the sap. 

3. Those connected with the production of the leaves, the flower, and the fruit. 

4. Those connected with the fall of the leaf. 

5. Those connected with the regular movements of different parts of plants, such as occur in leaves and 

branches, the opening and closing of stomata, the opening and closing of vacuoles or water spaces, 
respiration, circulation, &c. 

6. Those connected with the movements of cilia in spores, &c. 

7. Those connected with the alternate action and inaction of plants as a whole, as influenced by the 

seasons, day and night, nutrition and innutrition, &c. 

8. Those connected with the periodic intake and output of solids, semi-solids, gases, <fcc. These have 

a direct bearing on the building up, nutrition, and maintenance of the plant. 
In Animals the principal rhythms are : — 

1. Those connected with eating and drinking (set meals). 

2. Those connected with the organs of alimentation (oesophagus, stomach, bowels, rectum, bladder, Ac.). 

3. Those connected with waking and sleeping. 

4. Those connected with respiration. 

5. Those connected with the circulation. 

6. Those connected with the emotions. 

7. Those connected with reproduction. 

8. Those connected with locomotion. 

Under 1 (Eating and Drinking) fall the rhythms engendered by the desire for food and drink at stated intervals. 
Under 2 (Organs of Alimentation) fall the rhythms occurring in : — 

(a) The fauces and oesophagus. 

(b) The stomach with its sphincters. 

(c) The small and large intestines. 

(d) The rectum with its sphincters. 

(e) The urinary bladder with its sphincter. 

Under 3 (Waking and Sleeping), fall the rhythms engendered by alternate activity and repose, hibernation, 
winking, &c. 

Under 4 (Respiration) fall the rhythms occurring in : — 

(a) The nostrils. 

(b) The glottis. 

(c) The lungs, or parts thereof. 

(d) The diaphragm. 

(e) The muscles of the thorax, abdomen, &c. 
Under 5 (Circulation) fall the rhythms occurring in : — 

(a) The blood-vessels. 

(6) The several compartments of the heart. 
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Under 6 (Emotions) fall the rhythms which result in sighing, sobbing, crying, laughing, impulses of love, 
hatred, &c. 

Under 7 (Reproduction) fall the rhythms occurring in : — 

(a) Ovulation. 

(b) Menstruation. 

(c) Coitus. 

(d) Parturition, &c. 

Under 8 (Locomotion) fall the rhythms connected with walking, swimming, flying, waltzing, &c. 

The recurring, or give-and-take movements witnessed in the inorganic kingdom, which, as explained, are 
essentially rhythmic in character, are dependent on physical forces, such as gravitation, attraction, repulsion, 
cohesion, adhesion, condensation, rarefaction, osmose, chemical affinity, &c. 

Examples of rhythms in the inorganic kingdom are to be found in the rise and fall of the tides (give and take 
of water) ; the alternation of day and night (give and take of light) ; the coming and going of seasons (give and 
take of light and heat) ; the rise and fall of the barometer (give and take of atmospheric pressure) ; alternations 
of damp and dryness (give and take of moisture) ; the formation and disintegration of clouds (give and take of 
the sea, inland lakes, the atmosphere, and the land) ; the appearance and disappearance of frost (give and take 
of cold and heat) ; the formation of sound and other waves in the air and water (give and take of atoms in a state 
of vibration) ; the production of calms and winds (give and take of heat and cold equilibrating or producing vacua 
and air currents), &c. x 

In order to explain the rhythmic movements which occur in plants and animals, it is necessary to recall and 
emphasise the fact that all plants and all animals are derived from the inorganic kingdom, and that no element is 
found in the plant or animal which is not also found in that kingdom. 

It is necessary also to explain, as has been already done, that the elements or substances which enter into the 
composition of plants and animals carry with them certain forces which inhere in them, and which must be reckoned 
with as factors, and important factors, in living plants and animals. 

This follows because it has been shown by Professor Helmholtz and others that not only matter but also force 
is indestructible. 

As it is not possible to destroy matter, neither is it possible to destroy force. The most that can be done is to 
change the position and form of matter, and to divert the direction of force. There is, it has now been ascertained, 
a store of matter and of force (physical force) in the universe which can neither be increased nor diminished. 

The corollary to all this is, that living plants and animals in the processes of growth and development carry into 
their bodies, by what are virtually rhythmic movements, a large number of the elements which are found in the 
inorganic kingdom, and also a not inconsiderable portion of the physical forces of that kingdom, which confer on it 
its rhythmic and other movements. It was therefore to be expected that the rhythmic movements witnessed in 
the inorganic kingdom would reappear, in some form or other, in the organic kingdom, and they certainly do. It 
was also to be expected that the organic rhythmic movements would play quite as definite a role as the inorganic 
rhythmic movements, and this they likewise do. As a matter of fact, the organic rhythmic movements are primary 
or fundamental movements, and are absolutely necessary, not only to the well-being of plants and animals, but also 
to their very existence. Without them, plants and animals could neither be formed nor maintained. 

The rhythmic movements occurring in plants and animals are spontaneous, independent movements, and 
neither nerves nor muscles, as they occur in the higher animals, are necessary to their production. It is not possible 
to explain or get behind the rhythmic movements referred to, and they must be accepted in physics and physiology 
as ultimate or final. They form parts of a great scheme of movement which pervades all matter, whether living 
or dead. 

The rhythmic movements may, and do, occur in cells and living protoplasmic masses in the vegetable and animal 
kingdoms where no trace of a nervous system or differentiation of any kind can be detected. 

While the cells of plants and animals are endowed with rhythmic movements, not a few of them are provided 
with cilia or hair-like processes, which, acting first in one direction and then in another, cause them to move in 
specific directions. 

Sir James Paget writes : " Probably the simplest example of rhythmic motions yet known is that detected 
by Professor Busk 2 in Volvox globator. At a certain period of the development of this simplest vegetable 
organism there appear in each zoospore, or in the bands of protoplasm with which the zoospores are connected, 

1 In this enumeration of inorganic rhythms I do not refer to the manner in which these rhythms are produced. That is a much wider 
question, and would require separate treatment. 

1 "Transactions of the Microscopical Society of London," May 21, 1852. 
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vacuoles, spaces, or cavities of about ^vm °f an i* 10 * 1 ^ diameter, which contract with regular rhythm at intervals 
of from thirty-eight to forty-one seconds, quickly contracting and then more slowly dilating again." 

Sir James Paget adds : " The observations of Cohn, 1 published about a year later than those of Mr. Busk, but 
independent of them, discovered similar phenomena in Gonium pectorale and in Chlamydomonas, the vacuoles, like 
water- vesicles, contracting regularly at intervals of forty to forty-five seconds. The contractions and the dilata- 
tions occupy equal periods, as do those of our own heart ventricles ; and in Gonium he has found this singular fact, 
that when, as commonly happens, two vacuoles exist in one cell, their rhythms are alike and exactly alternate, 
each contracting once in about forty seconds, and the contraction of each occurring at exactly mid-distance between 
two successive contractions of the other. Here, then, we have examples of perfect and even compound rhythmic 
contractions in vegetable organisms, in which we can have no suspicion of muscular, structure, or nervous, or of 
stimulus (in any reasonable sense of the term), or, in short, of any of those things which we are prone to regard as 
the mainsprings of rhythmic action in the heart." 2 

The movements in the insectivorous plants are more or less rhythmic and definitely co-ordinated. They are 
also movements to a given end, and purpose-like, namely, the securing of living flies and small insects as food. 
Examples of these movements are to be seen in Venus's fly- trap (Diorwa muscipula) and the sun-dew (Drosera 
rotundifolia). Arrangements for catching live insects are also met with in the pitcher plants. 

In Venus's fly-trap the outer portion of the leaf bifurcates, is orate, slightly saucer-shaped, and provided with 
serrated edges and six exceedingly sensitive hairs, three on each half of the leaf, which project from the surface, 
and are consequently in the way of anything moving on the leaf. When any small insect (fly, beetle, Ac.) settles 
and crawls on the leaf it inevitably comes in contact with the sensitive hairs, and the plant, being informed of the 
presence of the insect, slowly but surely imprisons, crushes, and destroys it. Nor does the marvel stop here. No 
sooner is the insect fairly within the grasp of the leaf than a secretion, akin to gastric juice, is poured forth from 
glands on its surface which enables the plant literally to devour and assimilate the insect. The leaf remains closed 
until the process of assimilation is completed, when it gradually opens to receive a new victim. Nor is this all. 
If the plant be tricked by dropping a small piece of cork or some non-edible particle on a leaf, it closes the leaf, but 
soon again re-opens it ; no digestive fluid whatever being exuded. The plant can therefore distinguish between 
what is edible and what is non-edible. This implies a low form of cognition or its equivalent. The opening and 
closing of the leaf and the production of a digestive fluid cannot be regarded as, in any sense, haphazard. 

When we consider that the spontaneous, definite, co-ordinated movements of Venus's fly-trap are performed 
in the absence of bones, muscles, nerves, and all those structures which are usually associated with the production 
of purpose-like movements in animals, they are, to say the least, very remarkable. They, in a sense, widen the 
horizon of organic movement indefinitely. They show that the potentialities of living matter are practically un- 
limited. Motion, purpose-like motion, can no longer be regarded as the prerogative of animals. That the move- 
ments of the fly-trap are not due to irritation in the ordinary sense is proved by this, that they will close on living, 
edible, and dead, non-edible particles alike. There is, however, this astonishing difference : the leaves remain closed 
on edible particles until they are digested and assimilated, whereas they open and extrude non-edible particles. 

If the food of the plant acted as an irritant, the plant would naturally get rid of it with all possible haste. This, 
as explained, it never does. The substances which it will not tolerate are the non-edible ones. 

RHYTHMS AND REFLEXES IN PLANTS AND ANIMALS: THEIR 

NATURE AND USES 

Rhythms in plants and animals may be defined as involuntary movements recurring at stated intervals ; the 
movements being repetitions of each other, and the intervals varying according to circumstances. They are funda- 
mental, inherent, and intimately associated with life in its several phases : indeed life without rhythms would be 
impossible, as they are, to a large extent, the means by which nutrient materials are added to living bodies and the 
detritus or waste products carried off. They, in conjunction with certain reflex acts, are responsible for alimentation, 
respiration, circulation, reproduction, secretion, excretion, and various important functions, the due performance 
of which is necessary not only to the well-being but also to the existence of the individual. The rhythms make their 
appearance at the very threshold of life in rudimentary plants and animals as contractile vesicles, and they 
increase in number and complexity according to the degree of differentiation attained by plants and animals respec- 
tively. This is especially the case in animals. Rhythms, in the widest sense, are accountable for most, if not all, 

1 " Uiitereuchungen iiber die Entwiekelungsgeschichte der Mikroskopischen Algen und Pilze." Breslau, 4to, 1854. 

1 Croonian Lecture, "On the Cause of the Rhythmic Motion of the Heart," hy Sir James Paget, Bart., F.R.S. Proc. Roy. Soc., May 
28, 1857. 
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the involuntary movement* occurring in plants and animals. To these are assigned what may be designated the 
mechanical as opposed to the intellectual functions of living beings. They make sure that the so-called vegetative 
functions are duly performed, and that the great races of plants and animals do not die out and disappear for want 
of necessary and proper apparatus to carry on the ordinary business of life. 

Rhythms are part of the original equipment of life. They are conferred at the outset by the Creator, and afford 
irrefutable proof of design. No plant or animal could of itself and unaided assume the rhythmic structures, or carry 
on the rhythmic functions. It is here that the Master Designer, Director, and Controller asserts Himself. The 
rhythms are His immediate handiwork, and through them He controls the incomings and outgoings of plants 
And animals and the great bulk of their movements. He makes sure that the really essential functions of life shall 
be duly performed, and in this we have an explanation of the so-called instinctive acts of the lower animals. 
Strictly speaking, there is no such thing as instinct. All those acts which imply reason and are means to ends, 
but which are blindly performed, are in reality the work of an intelligent Creator. If a spider and a bee work geo- 
metrically in constructing the spider's web and the honeycomb, and the ant and bird build their nests as highly- 
skilled architects would, it is because the Creator works in and through them. He alone can see the end from the 
beginning. He provides the rhythms and the intelligence, be it little or great, required by His creatures to fulfil 
their mission in life. To the spider, the bee, the ant, and the bird He guarantees the precise amount of intelligence 
for the due discharge of the duties assigned to them. Instinct always implies reason, and there must be a master 
mind behind animals to make sure that their acts never miscarry. 

The rhythms and so-called instinctive acts furnish the key to the situation as far as plants and the lower animals 
are concerned. To the higher animals, and to man, a greater measure of intelligence has been graciously vouch- 
safed, and they are free (within limits) to exercise their higher powers ; but, even in their case, care is taken that the 
vegetative functions shall not be neglected. Man, therefore, shares with the lower animals the rhythms, and what 
I venture to designate the mis-named instinctive acts. 

§ 51. The Muscular Movements, Inherent, Spontaneous, and Independent— Not Caused by Nerve Action. 

Of late years there has been a growing tendency on the part of physiologists to refer the rhythmic movements 
of the heart and other structures to rhythmic discharges of nerve force from the ganglia situated on and in the sub- 
stance of the heart and the tissues in which they occur. Sir James Paget attributed them to the nutritive processes 
going on in the heart, and Dr. Romanes was of opinion that they were due to periods of activity and exhaustion ; 
the active period necessitating a period of inactivity or rest. None of the above explanations are, of themselves, 
sufficient to explain the phenomenon, and for the following reasons : — 

(a) Rhythmic movements occur in organisms where no traces of nerve ganglia can be detected, such as 
Infusoria, Antherozoids, Spermatozoa ; in certain Algae, Oscillatorisa, and Diatomacere ; in the vacuoles of Volvox 
globator, Chlamydomonas in ciliary action, in the petioles of Hedysarum gyrans, the heart of the chick, &c. 

(b) The processes of nutrition go on in all living structures, but only a portion of these structures exhibit 
rhythmic movements, at least characteristic rhythmic movements. 

(c) The activities of all living structures involve exhaustion and consequent rest, but this fact throws no light 
upon the rhythmic nature of the activities themselves ; it does not explain why the heart, or the compartments 
thereof, act regularly at intervals, and only at intervals, during the entire life of the individual, while other structures 
act continuously, but only for given periods. 

The illustrious Haller inaugurated (1760-1766) x what proved to be a virulent discussion regarding the nature 
of muscular movement. Having made numerous experiments and carefully considered the subject, he came to the 
conclusion that muscle moved independently and spontaneously in virtue of a power which inhered in its substance 
— in other words, that its power of movement was in no instance traceable to nerve action cither in the cerebro- 
spinal, sympathetic, or ganglionic system of nerves. His followers were designated " Hallerians " or " Animists." 
Those who opposed Haller and were in favour of the intervention of nerves in some shape were known as " Neuro- 
logists." I, personally, am wholly in favour of Haller's views ; for facts known to me, and revealed by experiment, 
have convinced me that certain structures move to given ends where no nerves are present, and what is more, where 
not even muscular fibres exist. The opening and closing movements of the heart, and the opening and closing move- 
ments of the stomach, bladder, rectum, and uterus also make this abundantly clear. It is not possible that the 
closure of any one of the viscera mentioned can forcibly dilate or open its sphincter. This powerful structure opens 
of its own accord. The opening and closing movements are rhythmic in character ; that is, they are irregular, 
interrupted movements, and such as no system of nerves could inaugurate or keep going. 

1 "Memoires but lea Parties Sensibles et Irritable*." Lausanne, 1760. " Elementa Physiologhe," torn. iv. lib. xi. Lausanne, 1766. 
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Looking at the subject of rhythm not as an isolated fact in physiology, but as one of a great series of move- 
ments universal in their nature and extent, I am disposed to regard it as a primary endowment not confined to any 
particular living substance, but inhering in all to a greater or less extent, and capable of manifesting itself in plant 
and animal protoplasm, in rudimentary tissues, and in fully-developed muscular fibres, Ac. 

Rhythmic movements, as explained, are not peculiar to the organic kingdom. They occur also in the inorganic 
kingdom. The recurrence of day and night, the seasons, the rise and fall of the tides, &c., afford examples of 
inorganic rhythms. The inorganic rhythms are, so to speak, the harbingers or parents of the organic ones. This 
follows, because plants and animals derive all the materials which enter into their composition, and not a little of 
the force which actuates them, from the inorganic kingdom. 

The rhythmic movements in plants and animals are essentially give-and-take movements, and, as such, are 
fundamental ; that is, they are inseparable from life, and form a dominant factor of it ; they furnish the means by 
which life is continued. They are spontaneous original movements which are co-extensive with life. They begin 
with life and only terminate with death. They are not dependent on anything but themselves ; they are not the 
result of irritation or any form of stimulation, external or internal. They are the media through which, and by 
which, pabulum and power are supplied to living organisms. 

Plants and animals could not exist as apart from rhythmic movements. Plants and animals take from and 
return to the inorganic kingdom all the materials, gases, fluids, and solids which enter into and circulate within their 
bodies. The give-and-take movements imply a double power in living structures — a power to take from and return 
to — a power to appropriate, to circulate, to distribute nutritious juices, and a power to get rid of the effete or waste 
products produced by vito-chemical and other changes. 

This double power of feeding and of transmitting the food through and out of the bodies of plants and animals 
is a sine qud non of existence. It is the distinctive prerogative of life. Life without rhythmic movements, or their 
equivalents, in one shape or other, would be impossible. Rhythmic movements are, in a sense, at once the cause 
and the outcome of life, and they are manifested in the lowest as well as the highest plants and animals. They 
are, moreover, within limits, the mainspring of life, and are not only inherent in the structures in which they occur, 
but they are also, for the wisest of purposes, incontrollable by any power existing in plants and animals. It is not 
possible to discontinue or stop the movements of the heart for more than a few seconds, or the chest for more 
than a few minutes. These go on day and night, from the cradle to the grave. Rhythmic movements are the 
outcome of the operation of vital laws which apply to all plants and animals. They are not dependent on the 
presence even of cells, and they certainly occur in numberless cases where no trace of either muscles or nerves can 
be detected. 

They, moreover, occur in substances and tissues which, in the normal condition, are in no sense irritable. 
Neither are they naturally caused by, or in any way regulated by, external artificial stimuli. It is mere assump- 
tion and abuse of language to say that rhythmic movements are the result either of irritation, excitation, or 
stimulation. 

It is inconceivable that living substances and structures created for the express purpose of taking in food 
(gaseous, liquid, and solid), circulating the same, and ejecting the waste products, should be dependent for their 
movements on inherent irritability or stimulation of any kind, especially external stimulation. Living structures 
move deliberately and to given ends spontaneously, as apart from all kinds of collateral aids. They are prime 
movers in the most emphatic sense. They set matter in motion, and are not themselves set in motion by matter, 
unless under abnormal exceptional circumstances. 

Rhythmic movements are fundamental and essential to plants and animals. They cannot be separated from 
them without serious impairment or loss of life. Anything which destroys the respiratory or circulatory movements 
necessarily results in death : the continuance of rhythms is essential to the continuance of life. 

In speaking of rhythms it is important to bear in mind that there are various kinds of rhythms, all more or 
less necessary to the continuation of life, and therefore fundamental ; thus there is the rhythm of feeding, fasting, 
and defaecating ; the rhythm of circulating air and nutritive juices ; the rhythm of working and resting ; the 
rhythm of sleeping and waking ; the rhythm of hibernating and rousing at long intervals ; the rhythm of repro- 
duction, Sec. These several rhythms supply singly, or in the aggregate, the most incontestable evidences of life with 
which we are acquainted. It is not too much to affirm that their temporary or permanent suspension in every 
instance results in the dangerous impairment or death of the individual. All living things require food, air, fluids, 
semi-fluids, and solids : they have to circulate their nutritious juices, to work and rest, to sleep and wake, to re- 
produce themselves, &c. The activities involved in obtaining food, circulating nutritious juices, reproduction, &c., 
originate in the plant or animal : they express the potentialities of the individual. If one or more fails, death sooner 
or later supervenes. 
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From the foregoing it will be seen that it is a mistake to speak of the rhythmic movements of the heart and 
chest in the higher animals as isolated phenomena — as something per se. 

As a matter of fact, they form part of a great rhythmic system, which, so far as plants and animals are con- 
cerned, has for its object the appropriation, incorporation, and circulation of inorganic matters, and the expulsion 
of its innutritions portions at stated intervals. The rhythms of the organic kingdom are in turn to be regarded 
as repetitions of the greater rhythms occurring in the inorganic kingdom. 

If we grasp the idea that rhythms are necessary to and form part of life, we shall have no difficulty in 
realising that they are of necessity outside the pale of inherent irritability and extraneous stimulation as known 
to modern physiology. As rhythmic movements are themselves the origin of the numerous activities of plants 
and animals it is a waste of time to attempt to prove that they are inaugurated and kept going by outside 
influences. The rhythmic movements are to be accepted as ultimate factors in physiology, behind which it is 
impossible to get. They are of the very essence of life, and wherever there is life there is rhythm, in a 
more or less pronounced form. The addition of matter to, and the subtraction of matter from, plants and animals 
can only be accomplished by give-and-take, rhythmic movements. Without them there would be universal stasis. 
Plants and animals could not grow, reach maturity, or reproduce themselves. There would be no circulation of 
atoms and molecules either of the gases, the fluids, or the solids of plants and animals. Everything would be at 
a deadlock. The interaction of the vital and physical forces, and of the organic and inorganic kingdoms, would 
cease and determine, and the whole scheme of the universe, as we know it, would be practically a dead-letter. The 
universality of rhythms in the organic and inorganic kingdoms invests them with the force of laws. The fact that 
they are present in the lowest and highest living forms unequivocally proclaims their fundamental and important 
character. The more I ponder the subject the more strongly am I convinced that the modern theory of irritability 
and stimulation, as applied to the organs of respiration, circulation, alimentation, <fcc., is fallacious, misleading, and 
mischievous. The time has now come when life must be liberated from thraldom and leading-strings, and especially 
from trammels which prevent its moving unless when goaded into activity by something outside of itself. Life in 
the physiology of the future must be given a free role, and plants and animals must be allowed opportunities of 
working out their own destinies according to unalterable laws which dominate the inorganic and organic kingdoms 
alike. The meddlesome physiology of modern times has complicated and confused the issues of life ; has destroyed 
its oneness, so to speak, by attributing piecemeal functions to organs which act as wholes, designedly and inten- 
tionally. This is especially true of muscles, voluntary and involuntary. The involuntary hollow muscles (chest, 
heart, stomach, rectum, bladder, uterus, &c.) are spoken of as if they had only the power to close or contract, and 
similar remarks are made of the voluntary muscles, which are grouped as antagonists and are made to war against 
each other. 

As I have already explained, muscles have a double power (centrifugal and centripetal), whereby they open, 
elongate, or dilate the one instant, and close, shorten, or contract the next. Nothing short of the double power 
now claimed will account for the opening and closing movements of the involuntary hollow muscles, and for the 
elongating and shortening movements of the voluntary muscles as seen in the different parts of the body. While 
the origins and insertions of voluntary muscles have been described with great care, and the actions of separate 
muscles indicated, comparatively little has unfortunately been done in describing the grouping and combined action of 
muscles, which, in some respects, is the most important. Muscles rarely if ever act alone. As a rule, they act in 
spiral muscular masses and cycles, as their spiral distribution round spiral and other bones, and spiral and other 
joints, clearly indicates. The muscular masses and cycles are co-ordinated, and work in groups to given ends, and it is 
this circumstance which makes muscular movements in very young animals so very difficult. All the voluntary 
movements have to be taught — that is, the muscles have to be trained to co-operate and act in concert ; hence the 
trouble experienced in learning to walk, swim, skate, &c., in ourselves ; to walk and fly in the case of birds ; to swim 
in the case of fishes, <fcc. The voluntary muscular systems in man, in the horse, in the fish, seal, walrus, &c., are 
fully discussed further on (see Plate lxxxiii. p. 320 ; Plate lxxxiv. p. 332). 

A glance at these Figures proves beyond doubt that muscles and muscular action cannot be treated separately 
or in an isolated way, and that to get natural results muscles must be allowed to act according to the laws which 
govern moving bodies generally : the flexors and extensors must be permitted to act simultaneously and in harmony, 
and so of the pronators and supinators, abductors and adductors, &c. ; the flexors when they contract or shorten 
must not be called upon to drag out and forcibly extend and elongate the extensors ; the pronators the supinators ; 
the abductors the adductors, &c. Neither must the extensors, the supinators, and adductors be called upon in turn 
to drag out and forcibly extend and elongate the flexors, the pronators, and abductors. The flexors and extensors, 
the pronators and supinators, the abductors and adductors move synchronously, and when the one set contracts 
or shortens, the corresponding set dilates or elongates, and so muscular energy is conserved to the utmost. The 
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so-called antagonistic muscles are not in reality opposed to each other. If this were so, the object in view, namely* 
the moving of bones and joints, would be to a large extent or wholly defeated. It should be stated that there are 
three kinds of co-ordination in muscular movements : — 

(a) A co-ordination as between the flexors and extensors, the pronators and supinators, and the abductors 
and adductors respectively ; 

(b) A co-ordination as between the circumductors and other peculiar muscles ; 

(c) A co-ordination as between the muscles of the chest and abdomen, and the muscles constituting the several 
compartments of the heart, &c. 

When the chest opens, as in inspiration, one set of muscles opens, dilates, or elongates, while another set closes, 
contracts, or shortens. There is no forcible dragging out of supposed antagonistic muscles in the movements of the 
chest and abdomen. In like manner, when the auricles of the mammalian heart close, contract, or shorten, the ventricles 
of the heart open, dilate, or elongate. The movements of the auricles and ventricles occur simultaneously, but the 
auricles do not by their closure forcibly open the ventricles, neither do the ventricles, when they close, forcibly open 
the auricles. The movements of the auricles and ventricles, which are centrifugal and centripetal in character, are 
spontaneous and independent of each other. If it were otherwise, the auricles and ventricles would make war 
against each other and to no purpose. The movements of the auricles and ventricles are co-ordinated, and the object 
in view is the transmission of the blood. 

What is said of the auricles and ventricles of the heart applies equally to the stomach, rectum, bladder, uterus, 
and their sphincters. When the bodies of the viscera referred to close or contract, their sphincters open or elongate. 
Here again the closing and opening movements occur simultaneously and spontaneously. When, on the other hand, 
the sphincters open or elongate, the bodies of the viscera close or contract. The opening movements, however, do 
not produce the closing movements, neither do the closing movements produce the opening movements. If this 
were so, an enormous waste of muscular energy would result. Besides, and as is well known, the muscular walls 
of the auricles are too thin to force blood (during the systole) into the thick and practically solid ventricles : in the 
same way, the attenuated walls of the bodies of the other viscera named have no power to force the very narrow 
passages or outlets of the powerful sphincters. All this is proved alike by observation and experiment. In 
urinating, it is possible to empty the bladder, and, shortly after, to pass a small quantity of re-accumulated urine. 
What is passed on the second occasion cannot possibly act either as an irritant or a wedge for opening the 
sphincter vesicae. This opens spontaneously when the body of the bladder closes. In nervous individuals, 
under certain circumstances, such as time or other pressure, urination becomes, for the time, impossible ; all 
efforts at expulsion being rendered futile by the sphincter vesicae refusing to open spontaneously. 

The function of the lungs, heart, and hollow viscera is to receive, contain, and transmit, at stated intervals, their 
contents, whether gases, fluids, or solids, but the contents do not act as irritants or stimuli and produce their own 
expulsion. If they did, the hollow viscera could not possibly act as receivers and retainers, as, under these circum- 
stances, the contents would be ejected before they had time to accumulate or collect. Neither do the contents act 
from over-distending the hollow viscera, as calls to urinate, defaecate, &c., if not attended to, pass off. The whole 
subject of rhythm in muscles requires to be reconsidered from a new standpoint and from a greatly extended purview, 
and the chances are that the history of muscular action will have to be re-written. 

The most remarkable feature about the hollow viscera is not that they expel their contents at regular and 
irregular intervals, but that they allow the contents to collect within them for longer or shorter periods without 
producing even a trace of irritation. 

This is a view of the subject hitherto altogether overlooked. It is, however, of such paramount importance 
that I feel called upon to direct attention strongly to it. The hollow viscera are not only transmitting and expelling 
organs, they are also receiving, collecting, and retaining organs. This one fact destroys of itself the prevailing theory 
of inherent irritability and artificial stimulation. It also militates against the theory of reflex action as a factor 
in rhythmic movements. 

The subject of muscular action (voluntary and involuntary) is very fully discussed and illustrated in other parts 
of the work. 

There can be little doubt that the spinal cord with its ganglia and complement of sensory and motor nerves has 
the power, within limits, of acting with or without the brain. This double power may be explained in two ways : — 

(a) By the establishing of a nerve-habit in the cord from the frequent repetition of certain acts involving the 
co-operation of particular sets of ganglia, sensory and motor nerves, muscles, &c. : and 

(6) The separate and independent action of the ganglia and sensory and motor nerves of certain portions of the 
cord. 

In the latter case, the ganglia and sensory and motor nerves of the cord perform virtually the same function 
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performed by the brain and its sensory and motor nerves ; the only difference being that in the cord the ganglia 
and its connecting nerves act more or less automatically, whereas in the brain they may and do act voluntarily. Both 
views are tenable, and there are good grounds for believing that the first arrangement (a) may be traced to the 
second arrangement (ft), where the practically voluntary and independent action of the cord is converted by the 
force of habit into mechanical and what are known as reflex acts. Reflex acts are in no sense purposeless. This 
hypothesis of the double action of the cord is greatly strengthened by the fact that the brain is an expansion of 
the cord, and because the nerve elements in the cord and the brain are essentially the same. When the spinal cord 
acts independently of the brain, it does so through its ganglia or nerve centres, which perform the functions of little 
brains, and these I have ventured to designate " brainlets." 

Reflex acts are not necessarily confined to the spinal cord. Under certain circumstances they may and do 
extend to the brain, in which case they are regarded as examples of unconscious cerebration. As it is not possible 
in a healthy normal animal to separate the spinal cord from the brain, neither is it possible to separate the funda- 
mental functions of the two. This explains how voluntary muscular actions, frequently repeated and at stated 
intervals, may become involuntary or automatic actions, as happens in the case of walking. 

Reflex acts, under ordinary circumstances, can scarcely be said to have an existence as apart from the brain. 
When an animal is deprived of its head, and co-ordinated and other movements are induced in its limbs through 
the instrumentality of the cord by artificial stimulation, what one sees are movements stereotyped in the cord due 
to similar movements occurring originally in the brain, the said movements in the brain being voluntary but 
rendered involuntary by repetition and habit. Reflex movements derive their value from their original connection 
with the movements due to the operation of the brain and the nervous system generally. The nervous system in 
a normal healthy animal acts as a whole. It may, however, under exceptional circumstances act piecemeal or in 
parts. The brain, for example, is divided into certain areas, which discharge specific functions, and the same is true 
of the spinal cord up to a point. As the part cannot be taken for the whole, neither can spinal cord reflex acts 
(which are involuntary and automatic) be regarded as other than secondary to the direct acts of the brain, which 
are voluntary. The anatomy of the nervous system precludes the separation of the spinal cord from the brain. 
The nervous system extends to every part of the body, and its branches, plexuses, and ramifications are distributed 
to all the tissues. 

Where there is no breach of continuity anatomically, it would be a mistake to attempt a separation of 
function, unless in a general way and on particular points. 

Reflex acts (in the sense explained above) have important uses. They take a leading part in the performance 
of all those movements which, whatever they may have been originally, have become automatic or mechanical. They, 
as it were, supervise all those acts which are beyond the control of the animal, such as the circulation, respiration, 
alimentation, the vegetative processes, Ac. 

In order fully to understand what is meant by a reflex act in animals it is necessary to say a few words regarding 
the nervous system in its highest form as witnessed in man. 

Usually the nervous system in man is regarded as consisting of two parts — the cerebrospinal and sympa- 
thetic systems ; the former displaying ganglia, end-bulbs, connecting nerve-fibres, sensory and motor nerves, nerves 
of special sense, Sec. The latter reveals similar and corresponding nerve elements. The cerebrospinal system 
consists of the cerebrum and spinal cord, and these important nerve centres are lodged in bony cavities for protection. 
The great sympathetic system of nerves consists of a chain of ganglia linked together by a cord of their own, and 
placed outside the osseous cavities on either side and in front of the spinal column. 

A further division is attempted, whereby the nervous system is separated into cerebral nerves, cerebrospinal 
nerves, spinal nerves, sensory and motor nerves, nerves of special sense, sympathetic nerves, &c. Both divisions 
are convenient, but they are purely arbitrary, and no physiological conclusions of importance can be founded 
on them. 

As the ganglia of the brain, spinal cord, and sympathetic systems have much in common, and are united to each 
other directly and indirectly by commissural nerve fibres, it follows that neither the cerebral, cerebrospinal, spinal, 
nor sympathetic systems are complete of themselves. There is, as a matter of fact, structural continuity which 
forbids functional differentiation. 

The great cerebrospinal centre which constitutes the chief portion of the nervous system sends its spinal and 
other nerves to the body in symmetrical pairs. Of these, twelve proceed from the cavity of the cranium through 
apertures at its base. The next issues from an opening between the occipital and atlas bones. The remaining thirty 
nerves issue from the sides of the vertebral column, each nerve below the body of a vertebra. 

The distribution of the several kinds of nerves enumerated above is very extensive, and, as was to be expected, 
not a little involved and obscure. Thus the nerves of the sympathetic system are said to send branches to the 
VOI,. 1. 2 B 
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unstriped muscles of the body generally (heart, 1 blood-vessels, &c.), and also to the glandular organs. Some viscera, 
however, such as the heart, lungs, the upper and lower parts of the alimentary canal, Ac., in addition receive branches 
direct from the cerebro-spinal system ; such as are not so supplied being provided by nerves derived originally from 
the cerebro-spinal nerves through their sympathetic plexuses. The unstriped muscles of the viscera and other parts 
are also under the influence of fibres derived from the cerebro-spinal nerves. 

The account given of the nature and relations of the ganglia and nerve fibres of the cerebro-spinal and 
sympathetic systems is scarcely less conflicting than that given of the leading divisions of the great nerve centres 
themselves. 

The sympathetic system structurally consists of medullated fibres ; the fibres being remarkable for their com- 
paratively very small size. They pass by means of the white rami communicantes from certain of the cerebro-spinal 
nerves into the cord and ganglia of the sympathetic. The cerebro-spinal system is composed of white and grey 
nerve substance in varying proportions. 

The trunks of the great sympathetic nerve, as explained, are two in number — one on either side of the vertebral 
column. They begin at the base of the skull and terminate at the coccyx. The ganglia composing them are united 
by nerve fibres from above downwards, from below upwards, and transversely. They are also united by nerve fila- 
ments with the spinal nerves and their ganglia. Superiorly, they are connected with nerve plexuses which enter 
the cranial cavity. 

It may be stated generally that the cerebro-spinal system of nerves, with its appropriate ganglia and nerve 
fibres, presides over the striped voluntary muscles and movements of the body, and that the sympathetic system 
of nerves, with its well-developed ganglia and nerve plexuses, presides over the unstriped involuntary muscles and 
movements. This is true up to a point, for, as explained, the cerebro-spinal and sympathetic systems in 
several cases interchange nerve fibres, and' both systems supply nerves to the same structures. That the cerebro- 
spinal and sympathetic systems of nerves do exercise a regulating power over the striped and unstriped muscles 
in the higher animals seems proved by experiment, where the division and stimulation of certain nerves retard or 
slow the movements of the organs or the parts to which they are distributed ; the division and stimulation of other 
nerves accelerating or quickening the movements. The retarding or slowing nerves are known as inhibitory nerves, 
those which accelerate and quicken as accelerator nerves. 

The famous Sir Charles Bell was the first strongly to direct attention to the existence of separate sensory and 
motor nerves in animals, and relied for proof on the division and stimulation of the nerves themselves. In this 
new departure in 1811 2 he was followed by Majendie 8 in 1822. Other original workers, such as the brothers 
Weber, Claude Bernard, Brown-Sequard, and Dr. John Reid, soon enrolled themselves under the new banner. Dr. 
John Reid, one of my predecessors in the Chandos Chair of Anatomy and Medicine in the University of St. 
Andrews, especially distinguished himself in the new field by a series of papers at once thoughtful and brilliant, the 
first of which saw the light in 1835. 4 

In dividing and stimulating the nerves in the living animal it is important to bear in mind that shock to the 
system may largely vitiate the result, and render the experiments more or less futile. This is especially the case 
where large nerves or branches of large nerves are divided or mutilated. The rule seems to be that the larger the 
nerves experimented with, the less reliable the results. The shock caused by the experiment largely accounts for 
what is here stated. Nor must certain fundamental facts be lost sight of. As already explained, plants and the 
lowest animals are not provided with a nervous system, yet they perform all the important functions of life in its 
absence. As, however, a nervous system in certain living forms is not required, it would be a mistake to attach 
too much importance to it when present, and to experiments performed on it. 

From the brief account given of the nervous system as a whole, it will readily be inferred that it is no easy 
matter to deal satisfactorily and conclusively with the reflex acts in animals. 

§ 52. Nerve Reflexes in Animals — Definitions of Reflex Acts — Subjects connected with Reflex 
Manifestations, &c. 

By reflex acts in the higher animals are generally understood acts performed by a portion of the nervous system 
(mainly the spinal cord), plus ganglia, sensory, and motor nerves, Ac, to the exclusion of the brain. The acts are 
said to be involuntary and non-intellectual, and yet, in many cases, purposive. They have for their object the 

1 The heart, although an involuntary muscle, is composed of striated muscle. It forms a connecting link between the involuntary and 
voluntary muscles. 

* " Idea of a New Anatomy of the Nervous System," printed privately in the year mentioned (1811). 

* Original experiment by Majendie published in the Jour, de Physiol, in 1822. 

4 "An Experimental Investigation into the Functions of the Eighth Pair of Nerves, or the Glosso- Pharyngeal, Pneumo-gastric, and Spinal 
Accessory," first published in 1835. For reprint see Reid's collected works, published thirteen years later, namely, in 1848. 
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A good example of reflex manifestations as bearing on nutrition is supplied by the vaso-motor system of 
nerves, which regulates the supply of blood in the smaller arteries by alternately narrowing and widening their calibre. 
This is effected by acting on the muscular coats of the vessels. If the arteries be greatly narrowed and the quantity 
of blood passing through them reduced, the organ supplied by them is under-fed : if, on the contrary, the arteries 
are dilated, and the quantity of blood unduly increased, the organ is over-fed. 

While the vaso-motor system can and does act independently of the brain, it nevertheless is in sympathy with 
it and can be influenced by it. Thus in the phenomena of blushing and blanching, the skin is alternately made 
ruddier or paler than natural. Both results are emotional, and are obtained through the instrumentality of the 
cerebro-spinal nervous system, especially the brain. An unworthy insinuation or indelicate remark frequently raises 
a blush, and terror or an appalling piece of intelligence or shock usually induces pallor. 

There are constrictor and dilator branches of the vaso-motor system of nerves whose function it is to regulate 
the amount of blood passing through the smaller arteries and the capillary blood-vessels through which the plasma 
or liquid portion of the blood oozes and feeds the tissues. As the blood moves very slowly in the capillaries, oppor- 
tunities are afforded for a reverse oozing of effete matters into the capillaries from without. The outgoing (out- 
flowing nourishing current) and the ingoing (in-flowing waste product current) are osmotic in their nature ; the walls 
of the capillaries being to all intents and purposes osmotic membranes. 

As there are constrictor and dilator branches of the vaso-motor nerves for regulating the flow of blood in 
the smaller arteries and capillaries, so there are two sets of nerves, for quickening and slowing the number of the 
beats made by the heart in a given time. Similarly, there are two sets of nerves for co-ordinating and regulating 
the movements of the hollow viscera with sphincters, such as the stomach, rectum, bladder, and uterus. These 
insure that when the body of the viscus contracts or closes, its sphincter simultaneously and spontaneously opens. 
Conversely, when the sphincter relaxes or opens, the body of the viscus simultaneously contracts or closes. The 
diametrically opposite movements witnessed in viscera with sphincters are more or less under the control of the 
reflex nervous system, which, as explained, acts as apart from irritation and stimulation. 

The movements of the viscera in question, though largely, are not wholly, under the influence of the two sets 
of nerves in question, as the movements, in not a few cases, are more or less voluntary, and, to a certain extent, 
under the guidance of the brain. They can, under certain circumstances, be temporarily suspended. 

The heart, which is to be regarded as the most important of the hollow viscera, is peculiar in this, that it never 
ceases to perform its opening and closing rhythmic movements, and it is the rarest thing in the world for any one 
to be able to stop the beating of the heart for even a few seconds. This dangerous power has been practised 
in only a very few cases, and once with a fatal result. 

If the heart once stops beating, it is next to impossible to get it to start beating afresh. Failure of the heart's 
action is the dread of modern society, and the terror of all those who administer chloroform in surgical opera- 
tions, especially such operations as involve sudden shock to the nervous system— as, for example, the extraction of 
teeth, toe-nails, &c. 

What is said of the heart is also true of the rhythmic movements of the chest. If the respiration which is 
unceasing day and night be once fairly suspended, the chances of reviving it are, as a rule, not great. 

In the higher animals, especially man, all the systems are elaborated — division of labour being carried to an 
extreme. They are also carefully adapted to each other ; they are dependent and interdependent ; they are finely 
adjusted and balanced ; they are self-acting ; they act separately and in concert. In the normal living individual 
all the systems must be intact and in perfect working order. This is especially true of the nervous system. As 
regards normal reflex acts the spinal cord, its nerve centres and nerve cells, its sensory or afferent and its motor or 
efferent nerves, must all be intact and healthy. Disease or mutilation of any of the parts necessarily vitiates or 
destroys every form of reflex act. 

Living compound organisms must be regarded as wholes, and any attempt at isolation generally proves abor- 
tive. The part cannot possibly represent the whole. It is for this reason a mistake to speak of the reflex acts 
as things per se ; they are simply nerve manifestations of a kind. They are not wholly dissociated from so-called 
mental acts traceable to changes occurring in the brain. This follows, because they are the product of nerve 
matter, which is continuous, and which, as regards the brain and cord, differs less in kind than in degree. All the 
parts of the nervous system run into each other. The cerebro-spinal and sympathetic systems, ganglia, their nerve 
cells, sensory and motor nerves, &c, form one grand whole. It is not possible to have well-defined and entirely 
isolated nerve function where there is continuity of nerve substance. The vaso-motor nerves, in the phenomena of 
blushing and blanching, are affected, as stated, by the condition of the brain. Similarly, the action of the heart, 
and the chest movements, are influenced by mental and emotional states. The heart may be pained, and its move- 
ments quickened or slowed, by cerebral conditions. What is known as " breathless excitement " influences the chest 
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connecting fibres are self-acting, and require nothing outside of themselves but their natural objectives to evoke 
their peculiar powers. Their operations are, in no sense, automatic or mechanical. They do not require to be jogged 
into activity by any form of extraneous stimulation. On the contrary, the operations of the nerve centres are due 
to original endowment. They form part of the original animal. This is proved by the new-born infant sucking 
as soon as the teat of the mother is placed in its mouth. The reflex acts are inaugurated at birth and continued 
throughout the entire adult state. A most intimate connection obtains between the ganglia or nerve centres of the 
cerebro-spinal and sympathetic systems of nerves ; their operations in many instances being co-extensive. They 
form part of one great nervous system, and, in the healthy animal, act together or in conjunction. It is only in 
the diseased or mutilated animal that they may be said to act separately. 

Much confusion unfortunately exists as to the true nature of reflex action. As explained, it is universally 
referred by physiologists of the present day to irritability in the animal, and to extraneous stimulation of its nerve 
centres. This, as I have pointed out, does not afford a satisfactory explanation. Reflex action is said to preside more 
particularly over and produce the involuntary movements of the body, such as the circulation, the respiration, 
alimentation, the vegetative functions, &c. The theory of irritability and artificial stimuli, as applied to reflex 
action, when carefully examined, is found to be misleading and untenable. 

I quote recognised examples of reflex action to prove this statement. 

1. Sneezing is said to be due to irritation of the Schneiderian membranes acting on certain nerves reflexly. 
Sneezing, I would observe, is an interrupted or non-continuous act. The irritation of the membranes referred 
to could not through the instrumentality of a reflex act produce such a movement. 

2. Winking of the eyelids, — This is said to be due to the irritation of light falling on the sensory nerves of the 
conjunctiva, which act reflexly. Winking, like sneezing, is an interrupted rhythmic movement consisting of the 
alternate closing and opening of the eyelids. The same irritation acting upon reflex nerve centres could not 
possibly produce the closing and opening movements, which are diametrically opposite in character. 

3. Contraction of t/ie iris of the eye is stated to be due to the stimulus of luminous rays of various kinds acting 
on the optic nerve. In reply I have to observe that the light is always present or constant, and it could not by 
any nerve arrangement (reflex or otherwise) produce the occasional opening and closing movements referred to. 
If the light as an irritant produced the opening of the iris, it could not also produce the closing of the iris ; these 
movements in many cases following each other rapidly. 

4. Swallowing, — This operation is said to be due to the irritation produced by the presence of a bolus of food 
in the oesophagus. If this were so, it would result in the closing of the part of the oesophagus in front of the bolus, 
which is the point first touched. As a matter of fact, the closing takes place behind the bolus — the part of the 
oesophagus in front of the bolus spontaneously opening at the same time. It is quite evident that these opposite 
movements cannot be due to the presence of the bolus or any form of reflex action caused by irritation and 
stimulation. 

5. Opening and closing of sphincters. — In the stomach, the pyloric valve or sphincter is said to be opened by the 
forcible contraction or closing of the body of the viscus ; the irritant which produces the closing of the stomach, 
it is affirmed, being the food in conjunction with certain nerves (splanchnic and intestinal). In this connection 
I may state that no power exerted by the contracting stomach could possibly force the narrow passage of the 
sphincter. In reality, the sphincter opens or dilates spontaneously when the stomach closes or contracts. The 
double movement (centripetal and centrifugal in character) is a co-ordinated rhythmic movement, and the one is 
independent of the other. It is maintained by the mechanical school that the food (plus the nerve centres) is the 
cause of the closing or contraction of the stomach and of the dilatation or opening of the sphincter. This explana- 
tion is wholly unsatisfactory and inadequate. The movements of the stomach and its sphincter are exactly the 
opposite of each other, and it is, on the face of it, incredible that the same food could produce diametrically opposite 
movements, especially if those movements follow each other rapidly and are more or less rhythmic in character. 
What is said of the stomach and its sphincter is equally true of the rectum and its sphincters, of the bladder and 
its sphincter, the uterus and its sphincter, and the hollow viscera generally. 

(>. When the theory of irritability and stimulation, plus reflex nerve action, is applied to the heart of the 
reptile, bird, and mammal, it is equally disappointing. If the heart of the mammal be taken as the example, it is 
said that the interior of the several compartments of the heart is irritable, and that the blood and certain nerve 
centres form the stimulus which causes the several chambers of the organ to open and close alternately with time- 
regulated beat, which ceases not night nor day. The objections which I took to the explanations given of the 
action of the hollow viscera and their sphincters apply with equal and, if possible, greater force to the explanation 
given of the action of the heart. The mammalian heart consists of four compartments, and is bountifully supplied 
with nerves and nerve ganglia. The accepted theory is that when the two auricles close or contract they 
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much lower in the scale of being, as reflex in their nature ; that is, movements produced by external stimuli acting 
on a supposed irritable integument. The movements of the star-fish are certainly spontaneous, voluntary, and 
purposive : the animal changes from place to place and searches for and secures food, which it ingests, digests, 
and assimilates. The mutilated frog and the unmutilated star-fish cannot be placed in the same category. The 
frog whose brain has not been mutilated moves voluntarily and to given ends, and so does the star-fish which never 
had a brain. Moreover, as already stated, plants and animals having no brain also move voluntarily. Voluntary 
movements are not confined to animals provided with nervous systems with or without brains. It is necessary 
on the one hand to guard against placing too high a value on reflex acts when speaking of the lower and lowest 
animals, and on the other hand against not assigning to them a proper recognition in the higher and highest animals. 
Reflexes, as a matter of fact, form intermediate links in nervous manifestations. Regarding them as involuntary 
acts, they have much in common with rhythmic movements, to which they are more or less closely allied. They 
are intermediate as regards the psychic functions. In this direction they become mixed up with the so-called 
instinctive acts. They also trench on the voluntary acts. Certain voluntary acts, when often repeated and long 
continued, become more or less automatic. Reflex acts, so far as they are automatic, are fundamental and vital : 
they are means to ends, and, as such, afford evidence of design : they are connecting links as between mind and 
matter, but they do not prove that nerve action may be resolved into mere irritability of the nervous system, or 
that artificial stimulation is an exciting cause for psychic manifestations. In the reflexes, as in the rhythms, the 
hand of the Designer can clearly be traced. Both the rhythms and reflexes make for certainty as against accident 
in lower and higher living things. While it is difficult to assign limits to the rhythms, it is next to impossible to define 
what constitute reflex acts. The movements of the sensitive and insectivorous plants are both voluntary and 
reflex after a fashion. Similarly, the movements of the hollow viscera, as a class, display peculiarities which incline 
to rhythms and reflexes respectively. 

The connection between rhythms and the so-called reflex acts are, in many cases, well marked, and a wide 
survey of the subject inclines me to believe that they are different phases of the same thing. This much is certain — 
they are fundamental, and occur in both plants and animals. They are not dependent on the presence of a nervous 
system as we know it, neither are they, strictly speaking, traceable to extraneous stimulation or irritability in the 
organisms in which they occur. The rhythmic movements of the plant Volvox globator, devoid of nerves, are as 
perfect, in a way, as those of the heart of the animal richly supplied with nerves. The heart of the chick in its early 
stages affords an example of an animal structure, devoid of nerves (and even of muscles), but which nevertheless 
exhibits typical rhythmic movements. This supplies an intermediate or transition link as between the rhythms 
and reflexes of the plant and animal, and emphasises their fundamental character. 

Rhythms and reflexes, there can be little doubt, are primarily inherent vital movements, which are not neces- 
sarily dependent on any particular structure, nervous, muscular, or otherwise, nor on any form of irritability or 
stimulation, and which manifest themselves in young and adult plants and animals alike. They are largely con- 
nected with the development, growth, and nutrition of plants and animals, and are, in Reality, the chief means by 
which the elements are taken into and discharged from the bodies of plants and animals in the immature and mature 
states. They also provide the mechanism and movements by which plants and animals are connected with the 
outer world — that is, the material universe outside of themselves. 

By rhythms and reflexes plants and animals are kept going : they are original endowments by which life asserts 
itself ; by which it incorporates and discharges matter ; and by which it recognises and moves amongst it. Some- 
how the idea has got abroad, and is almost universally accepted, that the major portion of the movements of 
plants and animals is due to an inherent irritability of the moving parts, and that an outside stimulus must be 
applied before movement can occur. Nothing can be further from the truth. All the essential movements in plants 
and animals are vital movements, and take place independently of either irritability or external stimulation. Plants 
and animals absorb, assimilate, secrete and excrete, circulate their nutritious juices, and reproduce themselves quite 
apart from both irritation and stimulation. To hold any other view would be to degrade life, and reduce plants and 
animals to the condition of machines, which they certainly are not. Plants and animals manage their own affairs 
irrespective of any outside interference — the Creator excepted. They employ extraneous matter and force in 
building up their bodies, but they control and direct the matter employed. They select and appropriate certain 
elements and reject others : they avail themselves of certain physical forces and override and suppress others 
according to circumstances. Thus, plants grow upwards in spite of the great law of gravitation. They, however, 
in growing, freely avail themselves of other physical forces, such as attraction, repulsion, cohesion, adhesion, capil- 
larity, and especially osmose. These all play a part in the absorption, assimilation, secretion, excretion, circulation, 
and respiration in plants. Similar remarks are to be made of animals. 

The phenomena of endosmose and exosmose, by which plants and animals largely imbibe nutritive materials 
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and throw off waste products are themselves essentially rhythmic in character. They are give-and-take movements 
in opposite directions, and are comparable to the rhythms of the compartments of the heart, which enable that organ 
alternately to open and receive blood, and to close and eject it. They are also comparable to all movements 
occurring in opposite directions, such as the closing and opening of the eyelids, the closing and opening of the 
chest, the several parts of the alimentary canal, bladder, and so on. 

Plants and animals, in virtue of their vital powers, can take in, retain, and eject at discretion the elements on 
which they live. They can also recognise and take stock of their surroundings ; in other words, they can appreciate 
the matter in their vicinity which forms their environment. This being so, it follows, that certain changes and 
movements, as between plants and animals on the one hand, and the elements and all parts of the physical universe 
on the other, must take place. It follows, further, that the changes and movements must, fundamentally, be atomic 
and molecular in character, and capable of manifesting themselves in all kinds of living substances and tissues, as 
apart from nerves and muscles, which are mere differentiations. If rhythms and reflexes find their highest expression 
in nerves and muscles, it must never be forgotten that they do not originate in either, and are traceable to lowly 
organisms and structures, and even to plant and animal protoplasm. 

This is a matter of very considerable importance, because, according to existing views, the highest animals are 
too sharply defined and too widely separated from the lower animals. The distinctions between plants and animals 
are also exaggerated. All plants and animals are endowed by nature with movements of some kind. They are 
also endowed with the power of acting upon the elements which enter into their composition and by which they are 
surrounded. The movements and powers referred to are necessary to their existence and well-being. If plants 
and animals cannot absorb, assimilate, retain, transmit, and discharge matter, they languish, pine, and die. In 
order to live they must be endowed with the power of taking in or receiving, of assimilating and retaining, and 
of extruding and casting off effete matter. They must be superior to the matter amongst which they are placed. 
To this there is no exception. This remark applies equally to the plant and animal ; to alimentation, respiration, 
the circulation of nutritious juices, the extrusion of effete matter, &c. As is well known, the rhythms and reflexes 
in the higher animals are dominant factors in the respiratory movements of the chest and lungs, in the vermicular 
movements of the alimentary canal, bladder, and uterus, and in the movements of the several compartments of the 
heart. They are primarily concerned with the incorporation of matter in the form of air, drink, food, offspring, Ac. 
They are secondarily concerned in the recognition of matter not to be incorporated ; the recognition, in the higher 
animals, being effected either by the skin, or the sense organs as the instruments and representatives of the brain. 
The skin and sense organs are specially modified and differentiated for this purpose. The cells and tissues com- 
posing them are equal to dealing with many kinds of matter and many kinds of motion — with objects touched, 
with the qualities thereof, as roughness, smoothness, &c, with tasting and smelling bodies, with vibrations of 
various kinds, with the undulations of light and sound, with substances near and remote, with matter in a gaseous, 
fluid, semi-fluid, and solid form — with, in short, nearly everything in the physical universe. The higher the animal, 
and the greater the degree of differentiation and division of labour, the greater the power of recognition. It is 
his superior powers of recognition which places man on a pedestal by himself, and makes him virtually the ruler 
of the world. 

The differentiation and specialisation in the nervous system is proved by the fact that if the optic nerve be 
divided and the cut end next the brain artificially excited, luminous flashes and the feeling of light are produced 
in the brain itself. If, again, a motor nerve be divided and the cut end next the muscle stimulated, the muscle to 
which the nerve is distributed is set in motion. Similar remarks are to be made of the sensory nerves. If, for 
example, in cases of amputation of the hands and feet, the peripheral ends of the cut sensory nerves become 
diseased, the patients complain of uneasiness and pain in the fingers or toes of the amputated parts. The nervous 
syBtem, when intact, feels at every point and moves at every point, and this with or without a brain. It is self- 
acting in the sense that it originates and sends out motor impulses as well as receives sensory impressions. An 
animal with a brain, sense organs, and sensory and motor nerves, immediately and directly feels everything it touches. 
It is the prerogative of the brain to feel to the finger tips and to move to the finger tips. The animal feels through- 
out its entire cutaneous and mucous surfaces, and moves in all its parts by means of its muscles, voluntary and 
involuntary. It is the brain which primarily feels and moves in the higher animals ; feeling extending to the 
extremities of the sensory nerves and motion to the extremities of the motor nerves. 

The brain and nervous system require no intermediaries for their operations, other than the sensory and 
motor nerves and the sense organs. Their fundamental function is to feel and move, and this they can do at first 
hand, as apart from artificial stimulation and irritation. 

When an animal elects to feel, it advances part of its body, so as, if possible, to come in contact with the object 
to be recognised. The eye, so to speak, projects itself into space and searches for things near and remote ; the ear 
vol. 1. 2 l 
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turns itself in the direction of sounding bodies, and strains to receive on its drum or tympanum the waves of 
sound ; the tongue presses the sapid solids and fluids which form our food and drink against the palate, cheeks, 
and other parts in tasting ; and the nostrils sniff up the minute odoriferous particles floating in the air, from what- 
ever source derived, in the process of smelling. In each case, the animal by its sensory nerves and sense organs per- 
forms its work voluntarily, and as apart from stimulation and irritation. When an animal is accidentally touched 
from without, it is always taken by surprise, and responds at a disadvantage, being off its guard. Herein lies the 
great difference between my theory of life and action and that of the modern, mechanical school. 

I maintain that life is aggressive and masterful in everything it does ; that it is self-sustaining, self-acting, 
self-directed ; that it is superior to its surroundings ; that it moves spontaneously to given ends ; and that it 
performs its work directly and at first hand, being independent of everything but the First Cause. 

The modern physiologists contend that all, or very nearly all, the movements of plants and animals do not 
originate in the plants and animals themselves, but that they are due to extraneous stimulation and inherent irri- 
tability. They attribute to dead matter and stimuli the initiation of the greater portion of the movements and 
changes occurring in plants and animals, than which nothing could be more unphilosophical. They reverse the 
order of nature. In so doing, they practically rob life of its prerogatives, and convert plants and animals into 
automata which are set in motion and regulated from without. No greater delusion can possibly be imagined. 
Plants and animals cannot be so degraded. The mainspring of action, and the power of regulating action, inhere 
in the plants and animals themselves. Life as conferred by the great First Cause is, in every instance, the prime 
mover, and the matter and force of the universe are subject to its sway and under its control. 

In rudimentary animals, such as the jelly-fish (Medusa), the brain is absent, the brain function being discharged 
by the nerves themselves, plus certain nerve cells and substances which enable the animal to feel and move volun- 
tarily. The power of feeling and moving which inheres in the nerves and substances of the medusa does not dis- 
appear in the sensory and motor nerves of the higher animals when a brain is superadded. In that case the original 
or fundamental arrangement is augmented, amplified, and emphasised. In this connection it is well to bear in 
mind that animals feel and move voluntarily in the absence of a nervous system. Similar remarks are to be made 
of the insectivorous plants. Feeling and moving are, so to speak, focussed and made visible by means of the 
nervous system and the brain. 

As already explained, the rhythms and reflexes are not confined to animals. They occur also in plants. 
Neither do they require for their manifestation nerves and muscles as found in the higher animals. 

When nerves and muscles occur, as in the more advanced complex organisms, they are utilised, but the modus 
operandi is essentially the same. In rhythms and reflexes two things are present, the thing acting and the thing 
acted upon, and in both cases movement, at longer or shorter intervals, is the distinguishing feature. The move- 
ments, at first direct, become, in certain cases, from constant repetition and habit, to a certain extent indirect or 
automatic. In rhythms and reflexes, a certain amount of time necessarily elapses during the operations ; the moving 
substances have to get into and out of action. There is, further, a tendency of the moving parts to continue 
moving, and of the resting parts to continue resting, as in non-living ordinary matter. The rhythmic and reflex 
involuntary movements are illustrated by a reference to the voluntary movements. A sensation travels from the 
skin and sense organs to the brain, and a volition travels from the brain to the muscles. Time is required for both 
operations. The sensations and volitions are transmitted at a given and measurable speed in opposite directions. 
In like manner, the living, feeling thing requires a certain time to reconnoitre and recognise the substance with 
which it comes in contact or touches, and to determine whether it shall move towards or away from it, or remain 
passive. Living things act more or less deliberately, and the time intervals are increased according to the degree 
of deliberation. The direct voluntary movements, and the indirect involuntary rhythmic and reflex movements, are 
or may be rapid, but they are never quite instantaneous. The distinguishing feature of the involuntary movements 
is the element of repetition. Voluntary movements may or may not be repeated ; involuntary rhythmic and 
reflex movements generally are. 

Plants and animals are endowed at the outset with certain powers and propensities which make them superior 
to their surroundings, which enable them to take in or reject the matter by which they are invested, and which 
permit them to realise more or less clearly their places in nature. Plants and animals, as a class, are sentient 
living entities. They are, in no sense, the sport of the elements, and cannot be regarded as mere machines goaded 
into activity by accident, irritability, or extraneous stimulation. 

If a muscle shrinks, contracts, or shortens on being pricked or artificially stimulated, it does not follow that 
this is its natural or normal mode of action, or that the same result cannot be obtained in the living animal in the 
absence of stimulation. The heart and the involuntary muscles, as a class, require no stimulation. The voluntary 
muscles are set in motion by volitions ; volitions themselves being, with few exceptions, the outcome of spon- 
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taneous intrinsic molecular changes in the brain and nerves, which materially differ from the changes produced 
by the crude, artificial stimuli of the modern, mechanical school of physiology. Volitions, strictly speaking, are 
traceable to living, sentient, conscious matter asserting itself directly by means of its nerves, muscles, and other 
structures placed at its disposal by the First Cause to accomplish certain ends. Volitions are spontaneous, inde- 
pendent acts. They require no prompting, no motive, and least of all any extraneous stimulation or external jogging. 
The mind, according to the majority of psychologists, is at liberty to act as it please. Those who espouse the 
doctrine of " Free Will " maintain that they can do what they like in their own way and at their own time. They 
are not obliged to act in obedience to certain movements and motives which they can altogether ignore and disregard. 
The doctrine of " Free Will " has been challenged by those who advocate the doctrine of " Necessity," and who are 
known as " Necessitarians." 

The Necessitarians assert that as everything in the universe is under law and order and conditioned, so the 
operations of the mind are not free, but are limited and pre-determined, and that intellectual man, in common with 
everything, organic and inorganic, can only perform a certain role. The Necessitarians have certain facts and 
analogies in their favour, but it cannot be denied that deep in man's nature a something pleads strongly for the 
recognition and exercise of Free Will. 

An attempt has been made to reconcile the opposing doctrines by falling back on the omniscience of the 
Creator, Who has made everything that is made, and Who knows everything which has happened, is happening, 
or can happen. To such a being there can be no such thing as " Free Will " and " Necessity " in the sense in which 
these terms are commonly employed. Free Will and Necessity are human conceptions, and apply to limited intelli- 
gences. The mind, while apparently free in the opinion of certain individuals, is nevertheless under restraints 
which rob it of much of its supposed liberty of action. Man, in exercising his intellect, as he thinks independently, 
has behind him an inscrutable power which unerringly guides him in spite of himself to do some things and leave 
others undone. The exercise of his intellect is not wholly under his control. To the prescient mind, the doctrines 
of Free Will and Necessity are not altogether incompatible. If certain things are fated to occur they will occur, 
Free Will and Necessity notwithstanding. The theologians have had much to do with bringing the doctrines of 
Free Will and Necessity into prominence, for, say they, if all our actions are pre-determined we are not responsible 
agents, and cannot be punished for doing what we could not avoid doing. There is no place for either punishment 
or reward under such circumstances. On the other hand, if we are free to act as we please, and to do or leave undone 
certain acts, then and then only does man become a responsible agent. He is then a fitting subject for both 
punishment and reward. The subjects of Free Will and Necessity do not, strictly speaking, fall within the scope 
of the present work, and need not be further discussed. 

If a part of a plant or animal dies or is lopped off, by so much is the life of the plant and animal impaired, 
and its usefulness diminished. It is not permissible, even in the highest animals, to speak of any structure or 
function exclusively by itself. Every part of a living animal is essential to its integrity and well-being. This is 
true even of the extra-vascular tissues, epidermis, hairs, nails, horns, hoofs, &c. The parts of the most highly 
differentiated plants and animals are all united structurally and functionally, and it is never quite safe to isolate 
either structure or function. From the beginning it is so. In the embryo of plants and animals there is com- 
munity of structure and function : development and growth necessitate this. Whatever differentiation occurs later 
on in the shape of special organs does not destroy the community of structure and function in the widest sense : 
it merely adds variety. Division of labour in an organism does not alter the fundamental nature of labour. Thus 
protoplasm and muscle are both endowed with centripetal and centrifugal movements, and plants and animals 
(without and with nerves) feel. Movement and feeling are fundamental endowments, and extend to both plants 
and animals ; and the fact that movement and feeling are more localised and emphasised in animals than in plants, 
and in the higher forms of both, does not abrogate the prerogatives common to all. It is on this common ground 
of structure and function that the lower and higher forms of plants and animals meet, for it cannot be maintained 
that the higher plants are better adapted for the work they are called upon to perform than the lower ones, or that 
animals are better equipped for the role they have to play than plants. Each living plant and animal is to be 
regarded as perfect within its sphere ; the Designer and the designed cannot be separated from each other, and error 
cannot consistently be attributed to the Deity or Great First Cause. 

In order to keep this inorganic kingdom going, plants and animals are of necessity endowed with the power of 
moving in whole and in part. 

Desmids, and the young of many plants, move freely about in water for the most part by the aid of vibratile 
processes or cilia, and all plants circulate their nutritious juices. Some plants, moreover, such as the Sensitive 
and Insectivorous ones, move in parts and to given ends. They also feel. Animals one and all are endowed with 
the power of moving. This is true of the amoeba, and all intermediate animals, up to man. Movements are of 
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various kinds. They may be voluntary or involuntary, or partly the one and partly the other. They are volun- 
tary when volition or its representative comes into operation, as when an animal with or without a nervous 
system, as we know it, throws itself upon food ; they are involuntary in the established rhythms and reflexes, as 
witnessed in the lungs, alimentary canal, and heart ; and they are mixed, as in swallowing, defalcation, urination, 
parturition, &c. The involuntary rhythms and reflexes are originally the products of protoplasm and rudimentary 
structures. 

They are conferred for the wisest of purposes, namely, for the appropriation and assimilation of food, for 
growth, reproduction, and the like. It is a significant fact that the involuntary rhythms and so-called reflexes 
of plants and animals precede and are the parents of what may be designated the voluntary rhythms, as they occur 
in the voluntary muscles. Curiously enough, the latter, in many cases, after frequent repetition and from the force 
of habit, merge into the former. There is a give and take as between the voluntary and involuntary muscles and 
movements. Thus walking, which, at the outset, is a voluntary movement acquired by laborious effort, becomes, 
after a time, automatic. The same is to be said of musical and other performances where habit and unconscious 
cerebration are at work. 

Of course it may be maintained that rhythms and reflexes, however produced originally, are more or less auto- 
matic. This, within limits, is true ; but it is important to point out that, at the outset, they are, in every instance, 
the product of lowly substances and organisms, which act directly or at first hand — that is, as apart from irritation, 
stimulation, and every form of circumlocation. The rhythms and reflexes, as a matter of fact, under all circum- 
stances, retain much of their spontaneity and power of independent action. Repetition and habit deepen, rather 
than account for, their original peculiarities. As illustrations of natural normal actions at first hand as compared 
with unnatural abnormal action at second hand I may mention the following. If a piece of dry bread falls or is 
suddenly drawn into the fauces, it is at once forcibly ejected. No such result follows if the bread be insalivated 
and swallowed in the ordinary way. If a strong aperient be administered, the alimentary tract is thrown into 
violent action, often accompanied with griping pain, and the bowel forcibly and quickly evacuated. No such pheno- 
mena occur in natural alimentation and defsecation. If a diuretic be given, the amount of urine is increased and 
frequent micturition follows. The drug stimulates the secretion and expulsion of urine but causes neither. In 
like manner, ergot of rye increases but does not cause the rhythmic action of the uterus in parturition. The 
effect of stimuli is to quicken and increase normal action. Artificial stimuli, if continuously applied, destroy the 
tolerating, accommodating, and retaining power of the viscera. If by any chance the fauces, alimentary canal, 
bladder, and uterus be inflamed (and irritable as a consequence) the unnatural results obtained by stimulation are 
exaggerated. 

The movements of living things are to be regarded as the result of inherent endowments : they are means to 
ends, and the outcome of Design. They are part of the equipment of life, and cannot be traced to irritability of 
constitution or external stimulation. 

Life without rhythms and reflexes could not manifest itself, could not adequately perform its various functions. 
It is no explanation of these functions to say that the substances and structures which produce them are so formed 
that a stimulus applied to them causes them to work perfectly ; as in the several compartments of the heart, which 
open and close alternately. The opening and closing movements are diametrically opposed to each other, and no 
single stimulus could effect the double and opposite result. 

The same may be said of light entering the eye, which it is claimed produces the opening and closing of the 
eyelids in winking. If light be the stimulus which causes the eyelids to close, it cannot possibly at the same time 
cause them to open. The double movement can only be explained by original endowment. 

All plants and animals are fitted by nature to do certain things : they are superior to their surroundings ; they 
take in and retain certain elements and reject others ; they act upon their surroundings, near and remote ; the 
surroundings in turn acting upon them to the extent of calling forth new powers, which result in modifications to meet 
altered circumstances. The modifications, however, are produced by the plants and animals themselves, and are 
in no sense accidental. They are not the result of mere extraneous stimulation. If plants develop thick rinds and 
thick leaves in tropical, dry climates, it is to prevent the evaporation of the juices on which their life depends. If 
animals in the arctic regions develop layers of blubber under the skin and thick furs over it, it is for the purpose of 
preventing the escape of bodily heat ; this being necessary to their comfort and even their existence. The mere 
presence of heat or cold, as such, cannot be accredited with the production of the thick rinds and leaves of plants, 
or the blubber and furry coats of animals. These have their origin in the original endowments and powers of plants 
and animals respectively. Slight changes and modifications in plants and animals, considering the unstable 
nature of the physical universe which supplies them with food and a home, were inevitable, but these were fore- 
seen and provided for, and plants and animals have, within themselves, the wherewithal to modify all or any of 
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The following table furnishes some interesting information regarding the periods of gestation in mammals 

PERIODS OF UTERO-GESTATION IN ANIMALS 
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The alimentary canal receives, retains, and passes on the food in relays systematically and at stated intervals ; 
the chest draws the air into the lungs, and keeps it there, for a sufficiently long period to admit of the aeration of the 
blood, after which it is expelled ; the bladder collects and retains the urine for variable periods without discomfort ; 
the uterus receives the ovum, which develops into the embryo and foetus, and retains them for periods varying from 
a few weeks up to over a year. Lastly, the several compartments of the heart receive and retain) |their respective 
quotients of blood, which are duly discharged either into other compartments or into the great blood-vessels 
(pulmonary artery and aorta). The several compartments of the heart do not discharge the blood which flows 
into them the instant it enters. On the contrary, the blood is allowed to collect, and, when a full complement has 
been received, and not till then, is it discharged. It is, moreover, not discharged until a free space is provided for 
its reception. All this means prevision and design. When the auricles close and perform their centripetal expelling 
movements, the ventricles open and perform their centrifugal sucking movements : when the ventricles have drawn 
full measures of blood into their interior by their centrifugal movements, they close and perform their centripetal 
expelling movements. The centripetal and centrifugal movements of the auricles and ventricles of the heart are 
vital in their nature. 

The compartments of the heart of the bird and mammal act in pairs, and provide vis a frortie and vis a tergo move- 
ments ; the auricles opening, soliciting, and sucking in blood when the ventricles close, discharge, and expel it. The 
closing movements of the auricles do not occasion the opening movements of the ventricles, or vice versa. The 
auricles have no power to open the ventricles, or the ventricles the auricles. Each compartment of the heart acta 
spontaneously and independently, but the movements of the several compartments are co-ordinated, and all act 
to a given end, namely, the reception, retention, and propulsion of the blood. 

In the movements of the heart the elastic properties of the cardiac muscles and the elastic recoil of the great 
vessels play quite a subordinate part. The muscles of the heart are the prime movers of the blood. The blood 
cannot cause its own expulsion from one compartment of the heart into another : neither can it cause its own 
transmission through the arteries, veins, and capillaries. As regards the movements of the heart in the adult, 
they go on when the organ is cut out of the body, deprived of its blood, and placed in an exhausted receiver — that 
is, when the heart is deprived of blood and air. This gets rid of inherent irritability and extraneous stimulation 
as factors in the movements of the heart. That the presence and pressure of blood is not necessary to the move- 
ments of the heart is proved by this, that its several compartments open and close and beat in young animals before 
they contain blood. Of late years many are inclined to believe that the movements of the heart are due wholly or 
in part to rhythmic nerve action. This view is negatived by the fact that the heart displays rhythmic movements 
before nerves are developed in it, and even before it contains muscular fibres. A living muscular fibre, moreover, 
shortens and elongates when deprived of its nervous supply ; all which goes to prove that the movements of the 
rhythmic muscles are inherent, fundamental, and spontaneous. 

While it would be obviously incorrect to deny an inherent power of moving to rhythmic muscles, it would be 
equally incorrect to say that nerve cells, ganglia, and nerves cannot act rhythmically. The very intimate connection 
which obtains between muscles and nerves forbids such a conclusion. The force of habit alone, in nerves supplied 
to rhythmic muscles, would, there is reason to believe, sooner or later, result in rhythmic or interrupted nerve action. 
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cutting, and dividing muscles and nerves and other structures wholesale is never wholly satisfactory. Similarly, 
the recording of movements, normal and abnormal, by complicated registering apparatus is liable to error. To 
get quite natural results animals must be studied in their entirety and in their natural condition, and the changes 
and movements occurring in them recorded, if possible, by instantaneous photography. The simpler animals yield 
the best results, and amongst them the transparent and semi-transparent animals are the most satisfactory. To 
obtain normal results, animals must be studied under normal conditions. The extensive mutilation of highly 
complex, highly sensitive animals, and the registration of movements so produced by graphic methods, have intro- 
duced many serious errors into physiology. The methods employed are, everything considered, extremely crude, 
and the results obtained are, with few exceptions, equally disappointing and misleading. The time, it appears to 
me, has now arrived for seriously questioning the doings of the mechanical school of physiology. 

§ 54. Respiratory Rhythmic Movements in Animals— New Explanation of these Movements. 

The observations on rhythmic muscles made in the last section (§ 53) will prepare the reader for what has now 
to be said regarding the respiratory movements in plants and animals, especially the latter. 

The respiratory rhythmic movements in animals are typical of their kind, and in some respects the most 
important in the body. They begin as soon as the act of parturition is completed and continue as long as life 
lasts. Any interruption to them for more than a few minutes is almost invariably fatal. 

They are vital, fundamental, involuntary, co-ordinated movements — that is, they form part of a living system 
which, if interfered with to any extent, results in death. 

The other great organic rhythms are those of alimentation, the circulation, reproduction, &c. 

These rhythms are coeval with life. The structures which produce them are specially formed during the 
development and growth of the individual — they are designed and prepared beforehand, and the work to be per- 
formed by them is taken up when the proper time arrives. In plants, the fundamental rhythmic movements are 
carried on in the absence of both muscles and nerves, and it is important to bear this in mind, as one is apt to 
imagine that muscles and nerves are necessary to the production of rhythmic movements. When muscles and 
nerves are present the rhythms inhere in the muscles rather than in the nerves and nerve centres ; the nerves in 
the higher animals being necessary to co-ordinate the several systems of rhythms in the several individuals. They 
cannot be said to occasion them. The nerves, within limits, quicken or slow the rhythms, but that is the most that 
can be said. 1 

The nerves exercise an influence on the nutrition of the structures in which the rhythms occur. But when all 
has been said, rhythms in plants and animals are fundamental. They occur, as already stated, in the absence of 
and as apart from nerves. They are not even referable to nutrition, as the rhythmic structures of plants and animals 
are not known to feed at certain intervals. 

Rhythms in the higher animals are bound up with life, inasmuch as the cessation of any one of the more 
important of them involves the death of the individual. 

They are fundamental, because they are provided for in the constitution and substance of the individual. 

The rhythms afford examples of co-ordinated movements, as they are produced by the consentaneous action 
of a great many parts, and, in the higher animals, by a great many muscular fibres or muscles running in various 
directions and, in some cases, arranged in several planes. This is especially true of the heart and of the muscles 
of respiration, where the diaphragm, the thoracic, abdominal, and other muscles are involved. They are involuntary 
because in the higher animals and in ourselves they go on day and night, waking and sleeping, from the cradle to 
the grave, without effort on our part. They cannot be controlled (unless for a very brief period) by even the strongest- 
willed and most resolute individuals. A time comes, and comes quickly, when, if the respiratory movements are 
suppressed, the want of breath becomes intolerable. 

An interesting comparison may be drawn as between the cardiac and respiratory muscles in man. The only 
point in which the muscular arrangements of the ventricles of the heart differ from those of the chest, abdomen, 
and diaphragm, is that the muscles of the latter are attached to bones : those of the former having no such 
attachments and being continuous upon themselves. This really makes no difference ; the opening and closing 
movements of the heart, chest, &c., being essentially the same. 

The chest may be likened to the systematic heart of the mammal, which consists of an auricle and ventricle 

1 It is not usual to speak of a rhythmic action in nerves, but there are several circumstances which favour this view. Division of the inferior 
laryngeal branches of the pneumo-gastric nerves, for example, arrests the movements of the glottis and seriously interferes with respiration. If it 
be admitted that interrupted or rhythmic movements are referable to certain nerve centres and nerves, then it follows that the said centres and 
nerves must exert an intermittent or rhythmic action. The origin of rhythms, which I regard as vital and fundamental in the lowest plant and in 
the highest animal, is, however, not satisfactorily explained by this hypothesis. On the whole I incline to the opinion that rhythms are inherent 
in living matter — plant and animal — as apart from nerves. Rhythms certainly occur in plants and in structures where no nerves exist. 
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with a movable partition (the mitral valve) between them. The thorax may be taken to represent the left auricle, 
the abdomen the left ventricle, and the diaphragm the mitral valve. The cardiac muscular movements and respira- 
tory movements are rhythmical and alternating ; the one cavity opening when the other is closing and vice versd. 
ThuB in the chest the thoracic cavity opens when the abdominal cavity closes, and the converse. These diametrically 
opposite movements in the thorax and abdomen occur simultaneously. In both the opening and closing move- 
ments the diaphragm plays an important part. Thus it descends when the thorax opens, and ascends when it closes. 
It in this way alternately increases and decreases the capacity of both cavities. The mitral valve of the left 
ventricle in like manner descends and ascends and alternately increases and diminishes the size of the left auricle 
and ventricle. The movements of the diaphragm are rhythmic, and accurately adapted to those of the chest 
and abdomen. 

The glottis, situated within the larynx, also takes part in the rhythmic respiratory movements. From this it 
will be seen that there are four different rhythmic movements connected with respiration in animals, namely, those 
of the glottis, chest, abdomen, and diaphragm. The respiratory movements, although apparently simple, are highly 
complex. They have unfortunately never received the attention they deserved. It is therefore fitting that in 
the present section I should describe the respiratory rhythms somewhat in detail, illustrating what I have to say 
by carefully selected figures. I consequently, in this connection, give views of the lungs, the larynx, the bronchial 
tubes, the glottis, the bones and cartilages of the chest, the thoracic and abdominal muscles (especially the recti 
abdominis), the diaphragm, the appearance presented by the body in inspiration and expiration, &c. 

Much of the confusion connected with the respiratory rhythmic movements is traceable to authors failing to 
grasp the fact that the several rhythms occurring in the glottis, chest, abdomen, and diaphragm are only parts of 
one great rhythm which may be aptly designated the respiratory rhythm. The confusion is also partly due to 
anatomists assigning separate movements to individual muscles which can only act in groups or as wholes. As it is 
not possible to define the action of the muscles in any part of the heart, neither is it possible to define with adequate 
precision the action of separate muscles in any part of the chest, abdomen, and diaphragm. The chest, abdomen, 
and diaphragm exercise opening or centrifugal, and closing or centripetal movements precisely analogous to those 
witnessed in the heart. Lastly, physiologists have never fully realised the inherent nature of the rhythmic respira- 
tory movements, and have referred them directly or indirectly to irritability and extraneous stimulation. They have 
overlooked the fact that the rhythmic movements are fundamental, spontaneous, and independent — the one move- 
ment never causing the other ; that the opening centrifugal and the closing centripetal movements are both vital in 
character, and that elasticity plays quite a subordinate part in respiration. At present there is a prevailing belief 
that the several compartments of the heart are closed by vital acts ; the opening of the compartments being largely 
due to the elasticity of the muscles which act passively. 

Similarly but conversely, the chest is said to be opened by vital movements, the closure being effected passively 
by the resiliency and elasticity of the muscles and ribs. 

Why, one naturally inquires, should the heart be closed by vital movements and the chest opened by them ? 
The contradiction here pointed out demolishes the prevailing theory of muscular action not only in the hollow 
viscera, but also in the voluntary muscles. The opening and closing of the hollow muscles forming the viscera, 
and the contraction and relaxation of the voluntary muscles, can only be performed by independent vital acts : 
mere elasticity cannot be said to influence the action of muscles to any appreciable extent. Up till the present 
the causes of the rhythmic movements, particularly the respiratory ones, have remained a close secret. 

A curious point to be noted in connection with rhythmic movements is this. They occur in the protoplasm 
of plants and in both kinds of muscles, namely, the pale or unstriated involuntary muscles and the red or striated 
voluntary muscles of animals. 

The explanation is that, strictly speaking, no real distinction (the power of the will over the voluntary muscles 
excepted) can be drawn between the involuntary and voluntary muscles, either structurally or functionally. The 
one runs into the other. The voluntary muscle, as I showed in 1872, 1 is a higher development or differentiation of 
the involuntary muscle, and it can be made to act either with or without the aid of intelligence. A pedestrian 
can walk either automatically or intelligently, and a clever pianist can perform the most difficult music and keep 
up a conversation altogether disregarding the movements of the fingers engaged. A lunatic not unfrequently sets 
up rhythms in his limbs or other parts of his body, and produces a series of grotesque see-saw movements which 
he continues for hours. 

The weaving movements of animals are to be placed in the same category. Some people known to me slowly 
flex and extend their inferior extremities during sleep. In all cases where the voluntary muscles act involuntarily 

1 "The Physiology of the Circulation in Plants, in the Lower Animals, and in Man." Edinburgh Medical Journal, 1872, 1873. Also 
separate volume published 1874 by Macmillan with 250 woodcuts (sec pp. 208-214). 
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or automatically there is a reversion to the primitive type of movement as it occurs in the respiratory, circulatory, 
alimentary, and reproductive rhythms. Whether movements are voluntary or involuntary is largely a question 
of habit, repetition, and training, in which the nervous system plays a not unimportant part. 

The muscular fibres of the stomach, bladder, and uterus are of the pale unstriated order. The movements 
of these viscera are strictly involuntary ; but (and this is remarkable) the heart, which is a typical involuntary muscle 
as regards its rhythmic movements, is composed of red striated muscular fibres. In the case of the respiratory muscles 
they are partly of one kind and partly of the other. Thus the muscular fibres investing the trachea and bronchial 
tubes are of the pale unstriated sort, whereas those of the diaphragm, the thorax, and the abdomen and other 
muscles concerned are of the red striated, voluntary kind. The respiratory movements produced partly by pale 
unstriated and partly by red striated muscles are, however, typical rhythmic movements over which, as explained, 
we have the slenderest possible control, and only for a very limited period. In other words, rhythmic movements 
are not peculiar to either kind of muscle ; a fact which in itself goes far to break down the arbitrary but convenient 
distinction between the voluntary and involuntary system of muscles. (The peculiarities of the voluntary and 
involuntary muscles, and their precise mode of action, are illustrated at Plate lxxxiii., p. 320.) 

These preliminary observations are necessary in speaking of the respiratory rhythmic movements, as much 
ignorance and misapprehension prevails as to their precise nature and the number of the hard and soft parts, 
especially muscles, which take part in them. 

The object of respiration in every instance is the interchange of gases. In plants and in the lowest animal 
forms that interchange takes place in a very simple way, and without the intervention of any special apparatus. 
The plant is enveloped in air, and air mingles and circulates with its juices throughout its entire substance. During 
the day the plant takes in the carbonic acid of the atmosphere and gives out oxygen. 

The amoeba, which may be taken as an example of the lowest animals, is similarly circumstanced. It is invested 
by air or air and water, and being molecular and largely structureless the air or the oxygen of the air finds easy 
passage through its substance. It takes in oxygen and gives out carbonic acid. The same holds true of the skin and 
mucous linings and all the tissues of the body even in the highest animals. It is only when hearts and a system 
of blood-vessels containing blood or nutritious juices make their appearance that distinct respiratory organs become 
necessary. In the higher animals (bird and mammal) the connection between the respiratory organs and the circulation 
becomes very evident ; the lungs being provided with a heart for themselves, known as the right or pulmonic 
heart, as contra-distinguished from the left or systemic heart — the right heart forcing the blood through the lungs, 
the left heart forcing it through the system generally. 

§ 55. The Respiratory Organs in Animals and in Man Structurally Considered. 

The respiratory organs are called gills and lungs respectively. They are designated gills in the fish, the water 
lizards, &c, and lungs in the reptile, bird, and mammal. 

PLATE LXXVII 

Plate lxxvii. illustrates the structure and position of the human lung within the thorax : also the narrow chink 
or slit in the larynx through which the air passes in respiration, and the position and mode of action of the vocal 
chords. It also shows the structure of the lung of the fish, menobranchus, and frog. 

Fig. 1. — Air lobule of the human lung (Homo mjrien*), divided by air cells into numerous separate compartments. Everywhere the 
air cells are covered with a profusion of delicate capillaries, the venous blood within which gives off carbonic acid, which mixes with the 
air contained within the air cells. By this arrangement the blood is largely depleted of its carbonic acid and has oxygen added to it — 
a large percentage of oxygen. The interchange of these gases constitutes the essential part of respiration, a, Small bronchial tube 
entering air lobule (b) ; c, c, c, c, air cells (after Dalton). 

Fig. 2. — Larynx, glottis, trachea, bronchial tubes, and air cells of human lung (after Dalton). 

Fig. 3.— Lunp of the frog (liana encnknta). It greatly resembles the air cell of the human lung seen at Fig. 1. The blood in the 
frog is aerated as in man. When the frog is immersed its porous thin skin assists in the process of respiration (after Dalton). 

Fig. 4. — Gills of a dipnoid fish (Ceratodu*). Affords a good example of the outside or water-breathing lung, a, Arcus aorta? ; h, 
gills containing rows of capillary blood-vessels; c, pseudo-branchia ; a, d\ two series of gill-rakers belonging to the pseudo-branchia ; 
«, ceratohyal ; /, glossohyal (after Giinther). 

Fig. 5. — Head and gills of the Menobranchus, one of the salamanders. In this curious creature the gills are six in number, and 
are gently waved to and fro in the water to extract more oxygen from it. 

Fig. 6. — Photograph of an antero-posterior section of a frozen human cadaver seen from behind. Shows the lungs, heart, 
diaphragm, liver, and stomach in their natural positions ; the thorax and abdomen being separated from each other by the diaphragm. 
The viscera completely occupy the thoracic and abdominal cavities. The heart is situated in the middle of the thorax, and shows how 
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PLATE LXXV 




exceedingly thin the walls of the anriilw are. as compared with those i>f the h'ft ventricle. Tin heart beats within the chest, a (so !■■ 
'l»ak) greater heart. Thu muisHes of tin: heart and cheat arc similarly nnanged. j, Kighl lung: k, h-ft lung; i, diafhragm; ta, 
liver; It, stomach (the Author, 1873). 

Flo. 7.— Anterior half <if section of human larynx near its middle. Shows the narrow nertm or chink (rinm glollidis) through 
which the air j-aeses in respiration and the formation of voice, and which, if by any chance obstructed beyond a few minutes, reuulU 
in death from suffocation; also the vocal chorda, cartilages, and muscles of the larynx and the transverse curtilages of the trachea, 
u, Free jiart of epiglottis; b, great coruu of hyoid I .one: c, thvro-hvoid membrane ; <C thyroid cartilage; c, cricoid cart ilago; /, first ring 
of trachea; g, thyroarytenoid muscle; h, inferior thyro-nrvte-uoid ligament in membrane of true vocal chord at the lima glottidis ; 
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PLATE LXXVII {continued) 

i, the ventricle with the false vocal chord above it ; k, interior of trachea conducting to the lungs. The narrow passage or chink 
(rima glottidis) through which the air passes during respiration and the formation of the voice is clearly shown (after Thomson). 

Fig. 8. — Three laryngoscopy views from life of upper aperture of larynx, showing vocal chords, glottis, and surrounding ]>arts 
in different states. 

A. Shows the glottis and vocal chords during the emission of a high note in singing. B. In natural inhalation of air. C In 
inhaling a very deep breath. Diagrams D, E, F, show horizontal sections of glottis, positions of vocal ligaments, and arytenoid 
cartilages in states corresponding to A, B, C. The same letters apply to the same parte as in A, B, C (after Sappy). 

A, B. a, Base of tongue ; h, up]>er free part of epiglottis ; c, tubercle or cushion of ditto ; d, portion of anterior wall of pharynx 
behind larynx ; e, swelling caused by cuneiform cartilage; /, ditto corniculum ; <y, tip of arytenoid cartilages; h, inferior or true vocal 
chords forming lips of rima glottidis or breathing aperture ; t, superior or false vocal chords with ventricle of larynx lwtween. 

C. j, anterior wall of receding trachea ; k 9 beginning of the two bronchi beyond the bifurcation (after Czermak). 

In the fish distinct respiratory rhythmic movements are witnessed. The fish is constantly engaged in apparently 
swallowing water — this water being made to flow in rhythmic waves over the gills, which consist of a framework 
on which is arranged a congeries of delicate capillary blood-vessels containing blood. A greater quantity of water, 
and of the air which is in solution in the water, is thus made to pass over the gills in a given time. As a result 
more oxygen passes from the air into the blood of the fish, and more carbonic acid out of it than would otherwise 
be possible. 

The menobranchus, one of the water lizards, also displays rhythmic respiratory movements. This curious 
creature is provided with gills in the shape of six feathery-looking tufted structures, three on each side of the head. 
These structures are composed of a central portion or midrib with an infinite number of fine capillaries containing 
blood diverging from it (feather-fashion) on either side. The lizard causes the gills to wave gently backwards and 
forwards in the water, with the result that a maximum of the oxygen contained in the air in solution in the water 
is made to pass over the capillaries into the blood and a maximum of carbonic acid is made to pass out of the blood 
in the capillaries into the water. The rhythmic movements of the gills, or branchiae, as they are sometimes called, 
perform a distinct and useful function. 

The frog when developing in the water (tadpole stage) is provided with gills, but when it develops legs and 
its swimming tail disappears, and it is fitted for a terrestrial existence, its gills are suppressed and true lungs of a 
simple and primitive type are provided. The frog when it becomes an air-breathing animal develops characteristic 
respiratory rhythmic movements. 

Perhaps the simplest form of lung is that met with in the newt. It consists of a long oval sac which opens by 
a short single bronchus from a very short trachea. The walls of the sac consist of mucous membrane, epithelium, 
connective tissue, elastic fibres, pale unstriated muscular fibres, nerves, blood-vessels, &c. The blood-vessels which 
ramify on the sac are so placed that the blood contained in them is aerated by the oxygen contained in the air, or, 
as happens occasionally, by the oxygen contained in the air held in solution in water. There is in the newt an 
arrangement which admits of rhythmic muscular movements in the lung itself. 

In the salamanders, which, though air-breathing animals, are aquatic in their habits, the lungs consist of two 
cylindrical sacs extending nearly the entire length of the body. The air sacs have a smooth internal surface on 
which may be traced a large number of fine capillary blood-vessels containing blood. The air is forced into the 
lungs by a swallowing rhythmic movement and discharged at intervals to make room for a fresh supply. By this 
simple arrangement the oxygen of the atmosphere is transferred to the blood in the capillaries of the lungs, and 
carbonic acid extracted from it. 

The lungs of the frog are more elaborate than those of the newt and salamander because of the rudimentary dis- 
sepiments or partitions with which they are supplied, and which enable them to accommodate a comparatively large 
number of capillary blood-vessels. The honeycomb structure characteristic of higher lungs makes its first appear- 
ance in the lungs of the frog. The general structure of the lungs of the frog resembles that of the newt, inasmuch 
as it contains as an element, pale unstriated muscular fibres capable of conferring independent rhythmic movements 
on the lungs themselves. The frog, if it takes to the water, must, as is well known, come to the surface ever and anon 
to breathe, and everybody is familiar with the rhythmic movements of the throat displayed on such occasions. 

It is needless to pursue the comparative anatomy of respiration further ; suffice it to say that in man there is 
a pulmonic heart, as contra-distinguished from the systemic heart, an elaborate pair of lungs, and a comparatively 
very large number of muscles for producing the respiratory movements by which air is taken into and ejected from 
the chest. (See Plate lxxvii., Figs. 1 to 8.) 

The lungs in man are composed of a larynx, a glottis, a trachea, bronchial tubes, air cells, blood-vessels, lymphatics, 
nerves, muscular fibres of the unstriated type, cilia, glands, epithelium, and a large quantity of elastic tissue. 

The walls of the trachea and bronchial tubes are composed of an external membrane consisting of inelastic 
and elastic tissue and of an internal or mucous membrane. Between the membranes cartilaginous rings occur at 
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intervals. The external membrane, composed largely of inelastic and elastic fibres, is deficient posteriorly. In the 
space devoid of cartilage two layers of unstriated involuntary muscular fibres occur — a thin, longitudinal, external 
layer and a thick, deeper, transverse or circular layer. The longitudinal layer is confined to the trachea and large 
bronchi ; the circular layer extending to the small bronchi, even to the air cells. 

On the mucous surface of the smaller bronchi cilia in large numbers are found. These, by their waving move- 
ments, chiefly in an upward direction, keep the bronchi clear, by sweeping out extraneous substances. They also 
assist in drawing air into the lungs by creating a counter current. They therefore perform a double function. A 
certain amount of air always remains in the lungs, and is known as residual air. The air taken into and forced out 
of the lungs during each inspiration and expiration is called tidal air. The essential part in the respiratory process 
is the mixing of the carbonic acid of the blood contained within the capillaries of the air cells with the oxygen of 
the inspired air contained within the air cells themselves. 

The mixing of the carbonic acid and oxygen is of the most intimate character, and takes place through the very 
thin capillary walls of the air cells, which act as osmotic media. It also takes place by the intermingling and trans- 
fusion of the gases themselves. In localising the respiratory function in man and in the lower animals it is necessary 
to bear in mind that the aeration of the blood is not wholly confined to the lungs, but extends to every part of the 
body where the capillaries and their contained blood, and other structures, are exposed to the action of the air. 

In animals the skin, mucous membranes, and the tissues generally all take part in the respiratory process, so 
that it is at once extensive and complicated. It will be quite correct to say that the body breathes at every pore. 
Similar remarks are to be made of plants, with this difference, that they give out oxygen and take in carbonic acid. 
The breathing arrangements of plants and animals are the reverse of each other : the plant exhaling oxygen, which 
is inhaled by the animal — the latter exhaling carbonic acid, which is inhaled by the plant. A balance is in this way 
struck as between the gases consumed by the plant and animal respectively. This arrangement affords a striking 
example of adaptation and of prevision and design. 

If an antero-posterior section be made of an adult cadaver in the frozen condition it will be seen that the lungs 
with the heart and large blood-vessels completely occupy the chest (Plate lxxvii., Fig. 6). The lungs with their 
investments of pleura have not a cranny unoccupied. The lung pleura and the costal pleura are in contact, but not 
adherent or united, so that the lungs are free to come and go and to enlarge and diminish with every enlargement 
or diminution of the chest. The chest forms a vital, air-tight compartment, which is capable of increasing and 
decreasing in all its diameters. When it increases, it draws out with it the lungs, which in that case are distended to 
their utmost : when it diminishes, it compresses the lungs to a corresponding extent. The living chest therefore 
exerts & vis a fronte and & vis a tergo function upon the lungs and upon the air ; the object being to bring fresh relays 
of air and of oxygen to the lungs with a view to aerating the blood and to discharging a corresponding amount of 
air containing an excess of carbonic acid added to it by the impure venous blood. It will be observed that the lungs 
exteriorly are protected from atmospheric pressure by the walls of the chest and the diaphragm. They are also 
protected interiorly because they are inflated with air at birth, which keeps them in a variable state of distension ever 
after. While air is being constantly drawn into and ejected from the lungs, the lungs, as explained, are never wholly 
devoid of it. The elastic properties of the lungs assist in keeping up the delicate balance which enables them to 
follow the ever-varying movements of the chest in respiration. 

The walls of the air cells of animals contain a large quantity of fine elastic fibres which ramify and anastomose 
freely, and are not confined to one air cell ; an arrangement which gives rise to great distensibility and elasticity, pro- 
perties of considerable importance in keeping the lungs always comfortably filled with air. The presence of pale, 
unstriated muscular fibres on the larger and smaller bronchi in such plenty suggests rhythmic movements in these 
tubes. The smaller arteries similarly provided can undoubtedly open and close or partially open and close under 
nervous guidance, as indicated by the excess of blood in the capillaries in blushing and the absence of blood in them 
during fear, exposure to cold, &c. 

THE RESPIRATORY MOVEMENTS, ESPECIALLY IN MAN 

{ 56. New View of the Mechanism of Respiration— The Muscles of the Chest, Abdomen, and Diaphragm 
all Involved. 

That blood-vessels have the power of opening and closing is proved by the rhythmic movements occurring in 
the capillaries of the kidney, in the saphenous veins of the rabbit, in the vessels of the wing of the bat, and in the 
large vessels at the base of the heart — the aorta and pulmonary artery, which are not supplied with muscular fibres, 
excepted. 
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I am disposed to lay it down as an axiom that whenever pale, unstriated, involuntary muscular fibres occur in 
quantity, and especially when they assume the annular form, or when they are arranged at right angles and obliquely, 
rhythmic movements are not only possible but probable. 

In order to produce a rhythmic movement all that is required is a series of muscular fibres — striated or non- 
striated is immaterial — invested with the double power of shortening and elongating vitally. 

The respiratory movements of the higher animals are due to a twofold cause : namely, a want on the part of 
the system for oxygen, and a desire to get rid of carbonic acid, which is a poisonous, deleterious gas. 

The respiratory process is carried on in two ways : — 

(a) By means of the skin and mucous surfaces and tissues generally, and 

(b) By means of a respiratory apparatus which may take the form of gills or lungs. 

The respiratory movements have a wide range as regards frequency, intensity, and duration. Thus in hiber- 
nating animals they are reduced to a minimum : the same thing happens in the condition known as trance. The 
movements are less pronounced in the recumbent than in the sitting, and in the sitting than in the standing positions. 
They are slower in walking than in running, and in asthma, due to paralysis or partial paralysis of the diaphragm, 
they are violent ; persons so afflicted seizing the backs of chairs or tables to afford fixed points with a view to 
relieving their breathing. 

Respiration is divided into costal and diaphragmatic according as the ribs or the diaphragm take the leading 
part — the costal being most pronounced in man, the diaphragmatic in woman. There is reason to believe that 
the use of corsets and tight clothing in modern woman emphasises the diaphragmatic respiration by enfeebling and, 
to a large extent, destroying the action of the thoracic and abdominal muscles, especially the latter. 

The Cheyne-Stokes respiration is a greatly enfeebled form of respiration due to fatty heart and other causes which 
need not be considered here. 

The respiratory movements are spoken of as natural and forced according as they are calm or the opposite. 
In calm breathing there are usually nine inspirations and nine expirations per minute. In calm as well as in forced 
breathing not only the muscles of the diaphragm and chest but also those of the abdomen are brought into play. 
In forced breathing the muscles of the neck, shoulder, root of humerus, back, pelvis, &c., are involved. The fact 
that the respiratory movements vary greatly in different individuals at different times and under varying conditions 
necessitates a certain amount of accommodating power in the muscular arrangements. 

In the early fcutal condition in man the respiratory system appears as an embranchment or diverticulum of 
the alimentary system, and we may consider it as a large-branched, specially-modified gland lined with mucous 
membrane and consisting of a conducting portion and a secreting portion. The lungs being originally a diverticulum 
from the alimentary canal, it is well not to lose sight of this connection when speaking of the rhythmic movements 
of the lungs and intestine, and of similar movements occurring in the thorax and abdomen. It is not possible, 
in my opinion, to separate the rhythmic movements occurring in the chest from those occurring in the abdomen. 

As a matter of fact, the thoracic and abdominal cavities open and close alternately ; the opening and enlarging 
of the chest necessitating the closing or diminution of the abdomen and vice versd. This is especially the case in 
forced respiration. The one movement cannot take place without the other : neither does the one movement cause 
the other. 

The diaphragm by its alternate upward and downward movements plays an important part in the alternate 
increase and decrease of the thoracic and abdominal cavities. When the diaphragm descends it increases the size 
of the chest at the expense of the abdomen : when it ascends it increases the size of the abdomen at the expense of 
the chest. 

The muscles of the chest and diaphragm shorten and close when those of the abdomen elongate and open, 
and the converse. The thoracic and abdominal muscles are co-ordinated for the express purpose of alternately 
opening and closing the thoracic and abdominal cavities. These cavities are opened and closed by vital muscular 
movements assisted by the elasticity of the ribs, cartilages, and other structures engaged. 

The muscles of the thorax and abdomen are complemental co-ordinated muscles, and the one set closes or shortens 
when the other set opens or elongates, and vice versd. The diaphragm is also a co-ordinated muscle. It is invested 
with a double power — that is, it can close or shorten in all its diameters and become flat by a centripetal movement, 
or it can open or elongate in all its diameters and become arched by a centrifugal movement. The chest, abdominal, 
and diaphragmatic movements are vital in their nature ; the elasticity of the ribs and other structures performing 
a useful but subordinate function. 

The chest, abdominal, and diaphragmatic movements are essentially rhythmic in character. The chest, as indi- 
cated, may not inaptly be compared to the left auricle of the mammalian heart ; the abdomen to the left ventricle, 
and the diaphragm to the auriculo-ventricular or mitral valve. 
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That the movements of respiration are due to vital action and very little to elasticity admits of direct proof. 

They can for short intervals be brought under the influence of the will, in which case inspiration and expiration alike 

are completely under control — that is, the air is deliberately drawn into the chest and deliberately expelled. In 

inspiration it is not a case of air entering the chest by atmospheric pressure. On the contrary, the air is sucked 

in. In expiration it is not a case of mere elasticity and mechanical recoil, as happens in an elastic bag discharging 

itself independently. The air is deliberately forced out of the chest by muscular effort. In the production of 

voice it is forced out in very varying quantity, a state of matters which could not possibly be produced by any form 

of elastic recoil. The mechanism for the production of voice is described under " Phonograph," § 242. There is 

fundamentally no difference as regards vitality between the inspiratory and expiratory acts. The mechanism by 

which they are produced is situated partly in the thorax, partly in the abdomen, and partly in the diaphragm. 

In order to account for the truly rhythmic character of the chest movements during respiration it is necessary 
to discard the elasticity hypothesis, according to which the chest is opened by muscles while it is closed mechanically 
by the elastic properties of the ribs, sternum, and other structures. It is necessary to substitute for the latter a 
system of muscles which shall close the chest, in a manner not unlike that by which it is opened. In other words 
it is necessary to provide co-ordinating muscles to those of the chest. These muscles are found in the walls of the 
abdomen, and are as effective in closing the chest as the muscles of the thorax are in opening it. The recti abdominis 
take a principal share in closing the chest. 

In the respiratory movements the muscles of the chest and abdomen co-operate, and in the most natural 
manner. The muscles of the chest elevate the ribs, those of the abdomen (the transversalis abdominis excepted) 
depress them. Both sets of muscles act directly and at first hand on the ribs. When the ribs are drawn upwards 
and outwards, as in inspiration, by the shortening of the chest muscles, the abdominal muscles elongate : when the 
ribs are drawn downwards and inwards, as in expiration, by the shortening of the abdominal muscles, the thoracic 
muscles elongate. 

The diaphragm closes or shortens in all its diameters and arches upwards during expiration. It has its own 
inherent movements, but it is a co-ordinated muscle, and acts in conjunction with the muscles of the chest and 
abdomen. It exerts a double power, namely, the power of shortening and closing by centripetal movements, and that 
of dilating and opening by centrifugal movements. In inspiration the diaphragm by its descent and by its becoming 
flatter compresses and pushes the viscera (especially the stomach and liver) lower into the abdomen. This accounts 
for the bulging of the abdomen when the chest is expanded. 

In expiration the diaphragm by its ascent and by its becoming more arched compresses and presses up the 
thoracic contents. In the latter movement, the diaphragm receives powerful assistance from the shortening or 
closing of the transversalis abdominis, which acting on the abdominal contents as a whole presses the liver and 
stomach into the concavity of the diaphragm, and so aids and assists its movements. The diaphragm dilates and 
elongates or opens when the transversalis abdominis, and abdominal muscles generally, shorten or close, and vice 
ventd. The diaphragm shortens or closes when the muscles of the chest elongate or open, and the converse. In 
this way a powerful muscular rhythmic apparatus is provided, sufficient to account for all the respiratory and 
abdominal movements. The rhythms are muscular throughout, and the ribs and other bones and structures and 
the elasticity thereof play quite a subordinate part. 

The muscles of the thorax, abdomen, and diaphragm form part of a complex rhythmic system which has for 
its object the intake and output of air, fluids, and solids. The movements are fundamental, vital, co-ordinated 
movements, which are absolutely necessary to the life and well-being of the individual. Life cannot be maintained 
without air, fluids, and solids, and the apparatus dealing with these must be of the most perfect kind ; it must work 
day and night, apart from effort on our part. Of all the vital movements those connected with respiration are in 
some senses the most important. The exclusion of air from the lungs for more than a few minutes inevitably results 
in death. Looking at the early connection between the lungs and alimentary canal, and the common rhythmic 
function discharged by them, it will occasion no surprise if I say, and say deliberately, that not only the muscles of 
the thorax but also those of the abdomen, as well as those of the diaphragm, are necessary to the due discharge of the 
functions of respiration. 

One has only to study the general disposition and the origins and insertions of the muscles of the thorax, the 
abdomen, and the diaphragm to be convinced of this. Nearly all these muscles are attached in some way to the 
ribs, costal cartilages, and sternum ; those which are to pull the ribs up being attached for the most part to fixed 
points above the ribs ; those which are to pull the ribs down being attached to fixed points below the ribs. 

The respiratory movements proper— and in these I include the rhythmic movements occurring in the nostrils, 
the glottis, the lungs, the diaphragm, chest, abdomen, and other parts of the body — are at once involved and 
difficult. 
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Notwithstanding the large amount of attention which has been bestowed upon them from early times, the accounts 
given of them are by no means satisfactory. This arises from three causes : — 

(a) The prevailing views as to muscular action. 

(b) The high role ascribed to elasticity — it being elevated to the position of a prime motor. 

(c) The number of muscles employed. 

The rhythmic movements of the nostrils are due to the compressors and dilators of the nose. They are as a 
rule feeble, but there are cases in which they are well marked, and they can always be witnessed in forced respira- 
tion. They are seen to advantage in the horse and in the sea-mammals, such as the walrus, seal, sea-bear, manatee, 
porpoise, whale, &c. During each inspiratory effort, Professor Michael Foster observes, " The nostrils are expanded, 
probably by the action of the dilatores naris, and thus the entrance of air facilitated. Their return to their previous 
condition during expiration is effected by the elasticity of the nasal cartilages, assisted perhaps by the compressors naris." 

The rhythms of the glottis are due to a complicated system of muscles found on the larynx. like those of the 
nostrils, they are faint in ordinary breathing but always perceptible and pronounced in forced breathing. They 
are more or less mixed up with the action of the vocal chords and the production of voice, and on this account require 
a separate description. 

The rhythms of the lungs are not quite made out, but the presence of large quantities of pale unstriated 
muscular fibres on the smaller and larger bronchi afford presumptive testimony of their existence. In the interior 
of the bronchi, ciliary movements which are essentially rhythmic in their nature can readily be made out. 

The rhythmic movements occurring in the diaphragm and in the muscles forming the walls of the chest and 
abdomen practically run into each other, and will be best considered together. 

As all the air which passes into and out of the lungs must first find its way through the glottis, its anatomy is 
no less important than its physiology (Plate lxxvii., Figs. 7 and 8). 

In the upper part of the larynx and stretched across its opening are ligamentous bands known as the vocal 
chords ; the*two upper or false chords being covered with thick folds of mucous membrane, and the two lower or 
true chords being covered with folds of very thin mucous membrane. The lower or true alone are concerned in the 
formation of voice. 

Both sets of chords (false and true) are attached to a fixed point between the arytenoid cartilages and posteriorly 
to the movable arytenoid cartilages. Small muscles, which arise from the thyroid and cricoid and are attached to 
the arytenoid cartilages, have the power of separating and bringing together the points to which the vocal chords 
are attached posteriorly so as to open and close the chink or slit between them called the rima glottidis. It is through 
the rima glottidis that air is admitted into the lungs, and through it all the air expelled from the lungs must pass. 

" If," says Professor Austin Flint, " the glottis be exposed in a living animal, certain regular movements are 
presented, which are synchronous with the acts of respiration. The larynx is opened at each inspiration by the 
action of the muscles referred to above, so that the air has a free entrance to the trachea. At the termination of 
the inspiratory act these muscles are relaxed, the vocal chords fall together by their own elasticity, and in expira- 
tion the chink of the glottis returns to the condition of a narrow slit. These respiratory movements of the glottis 
are constant, and are essential to the production of air in proper quantity into the lungs. The expulsion of air from 
the lungs is rather a passive process, and tends in itself to separate the vocal chords, but inspiration, which is active 
and more violent, were it not for the movements of the glottis would have a tendency to draw the vocal chords 
together." 

Referring to the diaphragm he says : " From the great increase in the capacity of the chest produced by the 
action of the diaphragm and its constant and universal action in respiration, it must be regarded as by far the most 
important and efficient of the muscles of inspiration. Hiccough, sobbing, laughing, and crying are due mainly to 
the action of the diaphragm, particularly hiccough and sobbing, which are produced by spasmodic contraction 
of this muscle, generally beyond the control of the will." x 

The diaphragm, which next to the heart is the most remarkable muscle of the body, is deserving of special con- 
sideration. It is endowed with characteristic rhythmic movements, which enable it alternately to increase and 
diminish the thoracic and abdominal cavities. It is a dome-shaped muscle which separates the chest from the 
abdomen, and its muscular fibres run from its attachments — internal circumference of the lower border of the thorax 
— to its central tendon in curved lines — the fibres tending to cross at right angles and at every degree of obliquity 
as in the ventricles of the heart, the stomach, and bladder (Figs. 45 and 46) . 2 

1 " A Text- Book of Human Physiology," by Professor Austin Flint, Bellevue Medical College, New York, p. 116, &c. 

* The diaphragm is attached in front to the ensifonn cartilage, on either side to the inner surface of the costal cartilages and Iwiiy portions of 
the six or seven interior ribs, and behind to the ligainentuni areuatum externum and internum. 

Inasmuch as the serratus posticus inferior is inserted into the last three or four ribs and the quadratus lumlwrum into the last rib, it is thought 
by some that these muscles act as muscles of inspiration, even in calm breathing, by affording fixed j>oints to the diaphragm when it contracts. I 
am disposed to regard all the muscles which pull down the ribs as muscles of expiration. 
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The diaphragm may not inaptly be compared to half a ventricle, half a stomach, or half a bladder. It is more- 
over endowed with similar movements — these movements being centripetal and centrifugal in character ; that is, it 
can open and close or. in common parlance, relax and contract in virtue of its own inherent powers, independently 
and as apart from other muscles. When it closes or contracts it enlarges the thoracic cavity at the expense of the 
abdominal one. When it opens or relaxes it enlarges the abdominal cavity at the expense of the thoracic one. It 
will be seen from this that both the thoracic and abdominal cavities are engaged in respiration. Further, and as 
I shall show presently, the muscles forming the chest and the abdomen are likewise both engaged. All the muscles 
display rhythmic movements. It has been customary hitherto when speaking of calm or normal breathing to 





Fw. 4fl. 

Fiq. 45.— Muscles of the human diaphragm as seen from above, a, Upper surface of the tenth dorsal vertebra ; 0, section of the 
lower extremity of the sternum ; c, segment of the ninth rib ; rf, orifice of the cesopbagus ; e, section of the aorta ; /, opening for the 
vena cava; g, middle portion of the oblique fibrous band which separates the opening for the vena cava from the orifices of the 
(esophagus and the aorta ; h, i,j, the origins of the fibrous oblique band which forma the thoracic surface of the right leaf of the 
diaphragm j k, I, triangular expansion of the oblique fibrous band in the anterior middle leaf of the diaphragm ; ra, middle aponeu- 
rotic suture of the rixht and left leaves of the diaphragm blended with the triangular expansion of the oblique fibrous band ; n, 
portion of the semi-circular posterior band which forms the external boundary of the vena cava ; o,p,q, portion of the semi-circular 
band in front of the oesophageal opening on the left leaf of the diaphragm ; r, aponeurotic bundle of the left leaf of the diaphragm ; 

Sthe hepatic arch of the diaphragm ; t, splenic portion of the left half of the diaphragm ; «, v, gastric portion of the left half of the 
iaphragm (after Bourgery). 



Fro. 46. — Muscles of the human diaphragm as seen from below, a, Fourth lumbar vertebra sawn through ; b, tip of > 



cartilage ; c, seventh costal cartilage ; d, eighth ditto ; e, ninth ditto ; /, tip of tenth costal cartilage ; <i, tip of eleventh 

panaion of tendon of right pillar (third — * ' * ' " ' ' ' '- ■ : "- ' ■ ■ ■■ ' -- ■ - ■' ■■ - s ■ ' ■■ 

fibres of the two pillai 



n of left pillar (second % 



-tebra); j, crossing of the tendinous 
oiiening ; I, internal fibrous arch ; »i, external ditto. 



i vertebra) ; i, expansion of t 
)nd vertebra; k, fibrous arch of the hi 
Left tide. — n, Band of insertion of the two arches to the second and third transverse apophyses of the second and third lumbar 
vertebra. 

Right fide. — 0, Attachment by round ligament to the summit of the twelfth rib ; p, oesophageal opening between the pillars ; 
o, elliptical opening for the passage of the inferior vena cava; r, superior extremity of the psoas niagnua (right side) ; >, superior 
■-'■•--- '--■- -■■>-> -- ----'-(alter Bar 



extremity of the psoas paiv 



<(ri| 



; side) ; t, posterior aponeurosis of the transversal is muscle (after Bourgery). 



confine the respiratory movements to the action of the thoracic muscles. I am, however, convinced from a careful 
and extensive examination of the subject that no respiratory act can ever take place as apart from the co-operation 
of the abdominal muscles. As a matter of fact, the thoracic and abdominal muscles are correlated and co-ordinated 
and work together to a common end ; that end being the alternate increase and diminution of the thoracic and 
abdominal cavities. 

When the thoracic muscles shorten or contract the abdominal muscles elongate or relax. The thoracic and 
diaphragmatic muscles shorten or contract synchronously, and by their united movements increase the thorax in all 
its diameters. The abdominal and diaphragmatic muscles elongate or relax when the thoracic and diaphragmatic 
ones shorten or contract. All the muscles referred to form part of a complicated rhythmical system. In the corre- 
lated co-ordinated movements under consideration the lungs play a not unimportant part. 

In order fully to understand the respiratory movements in man it is necessary to regard the muscles of the whole 
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trunk (thoracic and abdominal portions) as forming a large oval-shaped cylinder closed at both ends and divided int^ 
two by a movable muscular partition — the so-called diaphragm to which allusion has already been made (Fig. 47, A, B 1 "" 

The muscles forming the cylinder are arranged in straight, curved, slightly oblique, oblique, very oblique, &n^ 
transverse lines ; bones being inserted among them to afford attachment and leverage. The respiratory movemen^^ 
begin and terminate in the muscles, aided by the elasticity of the ribs and other structures. 

The straight muscles occur chiefly on the anterior and posterior aspects of the trunk ; the oblique, very obliqu^ 
and transverse ones are found on all the aspects. 

Similar muscular arrangements are met with in the ventricles of the mammalian heart, in the face and nev . 
in the pharynx and larynx, and in the anterior and posterior extremities. They are repetitions of the primary— 
typical muscular arrangements which obtain in the hollow viscera. 

The straight muscles on the anterior aspect of the body are the rectus sternalis or sternalis brutorum (an ^H**. 
sional muscle) (Quain, p. 243), the rectus abdominis, and the pyramidalis. The last two muscles draw down tbe 
sternum, ribs, &c., in expiration. 

The straight muscles on the posterior aspect of the body are the quadratus lumborum and the dorsal muscles, 
some of which are inserted into the ribs posteriorly. They fix the spinal column and posterior portions of the ribs 
in forced respiratory movements. 

The oblique and very oblique muscles on the anterior aspect of the thorax are the pectoralis major and minor. 
to which may be added the deltoid. These afford fixed points in difficult breathing. 

The oblique and very oblique muscles on the posterior aspect of the body are the trapezius, latissimus dorsi, supra 
spinatus, infra spinatus, and rhomboidei. These also afford fixed points in difficult breathing. 

The oblique muscles on the lateral aspects of the thorax are the external and internal intercostals. These elevate 
the ribs in inspiration. 

The oblique muscles on the lateral aspect of the abdomen are the external and internal oblique muscles. They 
draw down the ribs in expiration. 

The transverse muscles in the thorax and abdomen are the serratus magnus, the serratus anticus and posticus, 
and the transversalis abdominis. They contract and expand the thorax and abdomen as required. 

A combination of all these muscles, as far as the direction and arrangement of their muscular fibres are con- 
cerned, is found in the diaphragm. In it, as explained, the muscular fibres run in straight lines, obliquely, very 
obliquely, and transversely. 

Authorities are not agreed as to the number of muscles which take part in the respiratory movements either in 
calm, normal respiration or in forced, violent respiration. 

As a matter of fact, nearly all the muscles of the body may take part in the respiratory movements if they be 
very violent, as in asthma, severe dyspnoea, &c. In these cases the muscles of the neck, chest, abdomen, and even 
the superior and inferior extremities are brought into play. The neck muscles connect the head with the upper 
part of the thorax and afford fixed points : the muscles attached to the upper part of the humerus (when this is 
elevated), as the shoulder, scapulae, and chest muscles, afford additional fixed points, and even the muscles of the lower 
extremities attached to the pelvis perform a similar role. 

The number of muscles which take part in the respiratory movements is determined by the violence of the 
respiratory acts, but even in calm or normal breathing the number is considerably in excess of those usually stated, 
and I have to express my conviction that in every respiratory effort not only the muscles of the thorax, but also those 
of the abdomen are engaged ; the thoracic and abdominal muscles, as indicated, being co-ordinated and acting 
together ; the thoracic muscles shortening when the abdominal muscles elongate, and vice vend. The thoracic and 
abdominal muscles act quite apart from elasticity as a moving force. 

This is a new explanation of the respiratory movements, but one to which I attach much importance, 
as it brings the thoracic and abdominal muscles into line with the muscles of the mammalian heart, which 
are typical. 

It will simplify matters to regard all the muscles with fixed points above the ribs as muscles of inspiration, 
and those with fixed points below the ribs as muscles of expiration. It may be stated in this connection that there 
are two large muscles (the recti abdominis) to which hitherto no adequate function has been assigned. The recti 
abdominis are doubtless muscles of expiration, and when they close or contract they pull the sternum, and the ribs 
connected with it, downwards and inwards. This they do by a powerful direct pull. The external and internal 
intercostal muscles are wholly concerned in elevating the ribs, which they do in conjunction with other muscles. By 
their contraction they are largely instrumental in raising the ribs, and act as muscles of inspiration. The inter- 
costal muscles do not act separately and in opposite directions, as is usually stated. They act simultaneously and 
in the same direction. Their positions and connections, and the mode in which the rib* are jointed to the vertebral 
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column, forbid their Acting otlierwi.se. In making this statement I am fully aware of the jointed [wrallei bar models 
Actuated by oblique elastic bands employed to demonstrate the contrary. The models do not, however, represent 
(he action of the interossei muscles accurately. 

When muscles run obliquely and cross each other, the rule is that they act synchronously and produce a 
common result : in other words, the two sets of muscles do not act against each other, the one set nulling up and 
the other pulling down and the converse. 

I will have occasion to return to the respiratory muscles presently, but it may facilitate matters if, before doing 







ilies of the shorn* ami alxl omen .1.- wen aiileri 
1, intercostal and other muscles, a, Backbone 1 
*, psisLi magnus mid paiuis muscles ; (/, ■iiifttl ratu 



I the rib.:, 



rly or in front !• 
ilfi rib* attached, 1 
liimborum ; r, e, i Uncus muscle- ; 



FlG. 47.— A, Original [^holograph of the ca 
]>usitionof tin- diapbia^iii. tin- great l>lood-vessi-l 
muscles; U, If, right and left sides "I" diaphragm ; 
I, tr.-in.-viisali.- abdominis muscle (Ibe Author). 

B. Original photograph of the cavities of the thorax and ahdomen a- seen posteriorly or from behind. Bkon rounded heads of 
arm* and thigh bones so essential in 1 0001 notion, the ribs ami intercostal muscles, rectus muscle-, and [lie jiositioii of the diaphragm, 
'I, Hounded head of right humerus or arm hone ; h, rolilidi-d head of left arm hone ; i, rounded li' ad nf right I high hone ; j, rounded head 
nf left thigh bone. Tue aim and leg hones are provided with 1*11 and socket or universal joints, and can he moved pendulum fashion 
in any direction in walking and miming, t, Sternum or breast-bone with stern i muscles, also intercostal muscles ; J, /,' right and left 
halves of diaphragm ; i«, the two recti -ul-jdnmiual muscles sepurated In ibe linea alba ; n, «', the two transverse abdominal muscles 
(the Author). 

so, I give illustrations of the thoracic and abdominal cavities separated by the diaphragm, and also the osseous 
framework of the chest and abdomen. To these cavities and bones the respiratory muscular arrangements must 
be ultimately referred (Fig. 47 A and B). 

At A and B of Fig. 47 sections of a frozen human cadaver are seen. In both cases the contents of the 
thorax and abdomen have been removed. At A the cavities are seen front before and at B from behind. In both 
figures the position and shajie of the diaphragm [b b', I Y) are correctly portrayed. The attachments of the diaphragm 
are also indicated. At B, the recti abdominis covered by their sheath and separated by the linea alba are clearly 
indicated. At n »' the transversales abdominis occur. Other details are given in the descriptions of the figures. 

The osseous framework of the chest and abdomen performs a not unimportant part in the great subject of respira- 
tion. It acts as a protecting shield or covering, especially to the thorax, and furnishes origins and insertions to the 
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respiratory muscles generally, and also to other muscles. It is dome-shaped with the apex of the dome directed 
upwards, and is compressed in an antero-posterior or lateral direction (Plate lxxvii., Fig. 6, Bee also Figs. 48 and 49). 
The vertebral column and the ribs forming it are beautifully curved, and both are supplied with cartilages — those of 
the back-bone being known as inter- vertebral discs, and those of the ribs as costal cartilages. The latter, for the 
most part, are attached to the ends of the ribs and the sides of the sternum or breast-bone. They give additional 
elasticity and resiliency to the ribs. The ribs, which are twelve in number on either side of the body, are spiral, most 
gracefully curved, and so springy and strong that they are sometimes converted into bows for discharging arrows. 
The roots of the ribs are united to the vertebral column by loose joints which admit of vertical, horizontal, oblique, 
and rotatory movements, so that they con readily respond to every movement occurring in the respiratory muscles. 





Fio. 48.— Anterior view of the skeleton of the thor 
V, vertebral column or buck-bone ; c, c', costal eart-i luges. 

Numbers 1 to 12 indicate the positions and attachment 

Fio. 49.— Lateral view of the skeleton of the thorax t 
1', vertebral column. 

Numbers 1 to 12 indicate the positions ar. 



of the twelve ribs (after Holdeti). 
is and aMonien of the human subject, 
rents of the twelve ribs (after Holden). 



<*', Sternum or breast-lKii 



'i, Costal cartilages ; c, rf, sternum ; 



The ribs are directed obliquely downwards and forwards, and are in the beet possible position for being elevated and 
carried outwards in inspiration, and depressed and carried inwards in expiration by the alternate closing or con- 
traction and opening or relaxing movements of the thoracic and abdominal muscles (Plate Ixxviii. Figs. 1, 2, 3, and 4). 

Having exposed the cavities of the human chest and abdomen, and given frontal and side views of those 
portions of the skeleton connected with respiration, we are now in a position to deal with the respiratory muscles 
themselves. 

The diaphragm, as being the chief muscle of respiration, falls first to be considered (Figs. 45 and 46, p. 281 ). The 
diaphragm, next to the heart, is the most important muscle in the body. Its muscular fibres run in every direction, 
in straight, curved, oblique, and transverse lines, in which respect it resembles the heart and hollow viscera generally. 
It is endowed with universality of motion ; its chief movements being in a vertical direction — that is, from above 
downwards and from below upwards. If the movements of the diaphragm become irregular, the breathing is at 
once impaired, and if, by any chance, the muscle becomes paralysed, death inevitably results. Its highly complex 
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muscular arrangements are only equalled by its numerous, complicated, and extensive attachments. No muscle 

in the body has more complex surroundings. It is a purely involuntary muscle, and yet its muscular fibres have the 

transverse striae or markings of the voluntary muscles. It is an original fundamental structure : in other words, 

it is formed in utero before it is called upon to perform any function. It is only after birth, and after the first breath 

is drawn, that it asserts itself as a working unit of the animal economy. It is a spontaneous, self-acting, rhythmic 

muscle, and is not dependent on irritability, elasticity, or extraneous stimulation of any kind for its movements. 

It> is not forced into activity by the resiliency of the lungs or ribs : neither is it affected to any extent by pressure 

exerted on it by the viscera (stomach, liver, intestine, &c). While it works in harmony with all the respiratory 

muscles it is guided by none. It exerts a centripetal and centrifugal power and exercises a pulling and a pushing 

f orce. It pulls in inspiration and pushes in expiration ; the pull, because of the flaccidity of the muscle, being more 

marked than the push. 

The movements of the diaphragm have been already described. 

The deeper muscles of the chest and abdomen (if the recti abdominis and the external oblique abdominal 

xnuscles be excepted) show the mechanism of respiration best. What is here stated will be readily understood by 

» study of Plate lxxviii., and of Figs. 50 and 51, where the thoracic and abdominal muscles are accurately given. 

It is necessary, however, to be acquainted with both the superficial and deep muscles of the chest and abdomen, as 

these two kinds of muscles are co-ordinated and act in unison ; the chest muscles closing or contracting when the 

abdominal muscles open or dilate, and vice verm. 

The superficial and deep muscles act synchronously or together, so that all the muscles of the chest and all those 
of the abdomen are in a state of constant motion. In other words, the superficial and deep sets of thoracic and 
abdominal muscles are at work at the same time. Finally, the chest and abdominal muscles, regarded as wholes or 
aggregates, a re all moving at once. This arrangement provides for the alternate opening and closing of the thorax 
and abdomen during the entire life of the individual, both in the waking and sleeping states. There are corresponding 
synchronous movements in the nostrils and glottis, and in the diaphragm. 

The respiratory movements are at once extensive and complicated, and have not hitherto been satisfactorily 
explained. The movements in question are strictly rhythmic in character. They occur in striated muscles, the 
striated muscles, as a rule, being voluntary muscles. There is thus a departure from use and wont which strongly 
supports my contention that the involuntary muscles are the precursors and, in a sense, the parents of the voluntary 
ones, and that the movements of even the voluntary muscles are essentially rhythmic in their nature. 1 

The chest muscles consist of the external and internal intercostals, the pectoralis minor, the serratus magnus, 
and the pyramidalis sterni. All these muscles are engaged in elevating the ribs. The action of the glottis and 
diaphragm is not now considered. The abdominal muscles which pull the ribs downwards are the recti abdominis 
and the external and internal oblique abdominal muscles. The trans versales abdominis are powerful expiratory 
muscles situated beneath the external and internal oblique ones. Their muscular fibres run at right angles to those 
of the recti abdominis muscles. The recti abdominis muscles are provided with a fibrous sheath derived from the 
external and internal and transversalis abdominis aponeurosis and display tendinous transverse markings (lineae 
transversa}), which some are disposed to regard as elementary ribs. The points here raised are illustrated at 
Plate lxxviii. and Figs. 50, 51, 52, and 53. 

PLATE LXXVIII 

Plate lxxviii. displays the thoracic and abdominal muscles engaged in respiration. It shows that the respiratory 
movements are not due to movements occurring in the chest and diaphragm alone, but to combined co-ordinated 
and alternate movements, which occur simultaneously in the thoracic and abdominal muscles, and in the diaphragm, 
respectively. This view of the respiratory muscles and movements, although novel, appears to me to meet all the 
requirements of the case. 

Fio. 1. — a, «', External intercostal muscle* (human) ; b, b' t internal intercostal muscles. The external and internal intercostal muscles 
when they contract ruck up the ribs and force the sternum or breast-bone outwards, c, Pectoralis minor ; this muscle is a powerful 
elevator of the ribs. The ribs are pulled down by the contraction of the rectus abdominal muscles aided by the external and internal 
oblique muscles, d, d' y Serratus magnus muscle ; this is an elevator of the ribs, i, Subscapulars muscle ; /, teres major ; g, latissimus 
dorsi ; these three muscles rotate the humerus in the direction of its length, h, Biceps muscle ; this Hexes the forearm on the arm. 
t, Clavicle ; j f pectoral muscle cut across. The numerals 1 to 8 inclusive indicate the first eight ribs. 

Fio. 2. — In this figure the arms are raised. <i, a', Linea alba or white fibrous mesial line ; b, //, semi-lunar fibrous line ; c, c\ rectus 
abdominis muscle (of these there are two — one on either side of the white line or linea alba). The rectus abdominis is covered by its 
sheath and partly separated by tendinous intersections (Li new trawwrsfip). The recti muscles play an important part in expiration by 



1 Examples of mixed muscles where the movements are }wrtly voluntary and partly involuntary are found in the fauces. 
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Fig. 51.— Posterior view of the superficial ami certain of the deep muscles of the back in man. On the left side is exposed tlie 
first layer ; on the rijjht aide, the second layer, and ]»rt of the third, a. Occipital bone with superior curved line ; h, ligamentnm 
nuchas ; e, sterno- mastoid ; d, trapezius ; e, spine of scapula ; /, acromion process of scapula ; g, deltoid muscle ; h, teres major ; i, 
infra spiiiutus; j, lat.ksiimui dorsi ; k, crest of the ilium ; I, splenius capitis et colli ; m, levator anguli scapulas; w, spine of scapula 
uil.b supni-jjiimitus above and iufra-spinatus beneath it ; n, rhomlioideus minor ; ;<, rhonitioideus major ; u, vertebral aponeurosis; 
r, serrntus posticus inferior; #, lumbar aponeurosis ; (, spine of ilium ; ninth, tenth, eleventh, and twelfth ribs. The small numerals 
read from al>ove are :— 7, spine of seventh cervical vertebra ; 1 to 12, spines of the twelve dorsal vertebrae ; 1 U> 5, spines of the five 
lumbar vertebra!. The lowest spines aw those of the sacral UTtchra> and are not numbered. 





h 9 



Fi't. 52. — Lateral view of the muscles of the thorax, alslouien, and hip (human) — the external oblique muscle being removed. 
(i, Lower portion of the great pectoral muscle j 6, lower digitutions of tin; scrralns magnus muscle from the fourth to the eighth ribs ; 
c, lower costal attachments of the latissinins dorsi muscle ; <?, trapezius muscle — one of the great fan-shaped muscles of the back ; 
t, c', divided attachments of the external oblique muscle left in connection with the ribs; f,f, aponeurosis of the external oblique muscle 
ilivuli-d in front of the wcti muscles ; g, internal oblique muscle ; h, line where the internal oblique muscle separates to assist in 
forming the sheath of the recti muscles ; t, gluteus m minis muscle ; j, j', gluteus maximua muscle ; k, anterior superior spinous process 
of the ilium ; !, tensor vagina; femoris ; «i, trochanter major ; n, spine of pubis ; u, rectus femoris. 

The numerals 6 to 12 indicate the rib* counted from above downwards (after Henle). 

Fm. 53. — .Superficial muscles of the left chest shoulder, and front of the left arm {human), a, The great fan-shaped muscle known 
as the pectoralis major ; h, the deltoid muscle engaged in raising the arm. The fibres of these two great muscles (a and fc), like those 
of the diaphragm, practically run in all directions. Such muscles, for the most part, invest loll and socket or universal joints. 
Universal joints require a universal arrangement of muscular fibres to evoke their peculiar powers. Similar arrangements occur at 
the hip joints, especially in the deeper muscles, c, Tile biceps muscle which ilexes the forearm on the arm; d, the clavicle; 



-, the 



Flfl. 54.— Transverse section of the human 
h, ditto, the oblique externus; r, the oblique 
lumboruin ; g, the erector spina 1 ; A, the psoas ; 



in the lumbar region, a, a', The two recti abdominis muscles cut across ; 
; rf, the Iransversalis abdominis; e, the latissimus dorsi; /, the quadratus 
of vertebral column. All these are seen in transverse section. 
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According to my researches both the opening and closing movements of the chest are vital acts. The function 
of respiration is too important for any part of it to be left to irritability, extraneous stimulation, chance, or elasticity. 
Besides we can, up to a point, breathe voluntarily and prolong the inspiratory and expiratory acts. This one fact, 
n-hile it effectually disposes of the mechanical theory of respiration, greatly strengthens the belief that the opening 
and closing of the chest are both vital movements. It, moreover, points significantlv to the respiratory rhythmic 
movements of the chest being fundamental endowments — that is movements provided" for before the animal is born. 




Fm. 55. 

Flo. 55.— Photograph giving 11 dorsal view of an athlete with 1 lie anus raised and the inuseles of llie arms anil Btapnlie fiiiulv 

li'iictei) anil thrown into violent action. The musiles of the shoulder joints anil lIlb shoulder blades are particularly well .seen. 

Tin j tppir IllinVl ttn il in m flu nl ininnilii mini in 1 irn This in eara&Uy the MM with tlie deltoid anil l>ir.-|,a muscles ; the 

former on the left side as.smniuf,' a horses! ioe-sliai>e on the top of the left shoulder ; the latter standing boldly nut where the deltoid 
lapels to a blunt |M)ilit. The posterior edges of the scapula: are pressed linnl\ tugi-thi-i 1 , anil tile eai ion- museles connected uilh these 
liwirs nre thrown out into strong relief . The 1 1 1 iih. ! is of tlio fovea nun are also well ileliueii, Compare with Fig. 51, where the muscles 
nre carefully dissected anil the reader ean atudv llieui at leisure (the Author). 



and before either carbonic acid or oxygen are present in the. lungs. As a matter of fact, the lungs of the foetus are 
not distended, and it is only after birth and after the child has drawn its first breath that the mechanism of respiration 
is brought into play. The first inhalation of air is a vital act, and so are ail the opening and closing movements of 
the chest which follow. That the gases in the lungs do not cause, the respiratory rhythmic movements is abundantly 
evident from the fact that the oxygen and carbonic acid are always present — in other words, are not present and 
absent at stated intervals, which they would require to be if they produced the intermittent action of respiration. 
There is no getting over thin difficulty if the inherent power of the chest to open ami close spontaneously be denied. 
Moreover, it is the primary and only function of the chest to open and draw in air and to close and expel it. The 
air can take no part either in \ta admission to the chest or its expulsion from it. The air holds exactly the same 
VOL. I. 2o 
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ral compartments of the heart. 



Neither the air nor the 



relation to the cheat which the blood holds to the 81 
blood act as extraneous stimuli in the ordinary sense, 

Plate Ixxviii., and Figs. 50 to ">4 inclusive, show that the muscles of the human trunk, like those of the 
ventricles of the mammalian heart, run in every direction, namely, vertically, slightly obliquely, obliquely, and trans- 
versely. These remarks apply to the anterior, posterior, and lateral aapects of the trunk. The muscles are also 




Fin. W— FhotogMjA of the ventral aspect rrf|an athlete nith his arms hanging down holding hie breath after having taken a full 
inspiration. The cheat muscles are firmly contracted anil (In- chest is fully exjiauileil in all its diameters ; the dome-shaped diaphragm, 
although concealed, is al»u contracted and flattened in pi downward direction. The capacity uf (he chest is increased at the expense »( 
the abdominal cavity. The client project* and the abdomen recedes. The abdominal viscera an- compressed lietwceu the under suifacc 
.if the diaphragm and the upper surface of the pelvis, notwithstanding t lie relaxed cmiditii.11 of the recti abdominis and of the external, 
internal, and trans vernal is aMomijiis. 

The lumpy condition of tile muscles of the front of the chest testifies that the lower portion of the pectoral it major, the pectoral is 
minor, and externa! and internal inler<o-tal muscle* are in a slate of active contraction ; whereas the smooth ap]*ar.'invc present. -il l.y 
I lie al -loniiii.il muscles (esjieciiilly the recti ;il«lnniiiiis| attests an opposite condition. The thiamin muscles are seen relaxed and the 
abdominal ones lirmK contracted in a ompleiiieiital photograph <Kig. ,'."), where a full expiration hits been made. The alternate 
opening and closing centrifugal mid o-ntripeial r.-spirat.iM movements occurring in the chest rind al«iomeu rcspectiveh 1:111 readily l* 
studied on the living subject. The rule is, that when the muscles of the chest open or relax, those of the abdomen r 
and riot wtni (the Author). 



mtrncl. 



Kin. B7*— Photograph of the ventral -11ti.ee i.f 
graph shows exactly the opposite conditions to tho 
chest muscles lire nil open or relaxed by centrifugal 
traded hy centripetal movements. In this case, the 
whercjislhi.se of the abdomen are lumpy hcansc of the. _. 
abdominis muscles, which stand bohllv out on either side of the linen alhn. 

'Die diaphragm in this photograph is arched upwards into the cavity of the thorax by a centrifugal movement. By tbeM mean- 

the cavity of the chest is dimiuislicd and that of the ;i)-l 11 increased. The two photographs under . mi-i-1- r :il ion courdnsiv. Iv prnVi 

the upening and closing I'onseniane.ais movements which alternately occur in the thoracic and abdominal niu-cle- during respiration 
The thoracic and abdominal movements are both vital in their nature (the Author). 



tthlete With his arms raised who ban made a full expiration. This photo- 
cell in the photograph just dcscrilied (see Fig. 5fi). In this photograph tin- 
einents. The mnsclea of the aMonieii, on the contrary, are 11ft closed or ■ on- 
rface of the chest iaaniooth owing lo the muscles being relaxed and flaccid, 
being firmly closed or contracted. This is especially ilie i-a-e in ibe n-rii 
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symmetrically disposed on the several regions of the trunk ; an arrangement which secures great accuracy of muscular 
movement. Fig. 50 shows that the chest and abdomen form a closed, cylindrical, slightly compressed cavity : the 
cylinders being divided into two by the diaphragm. 

The arrangement of the muscles of the trunk is a repetition of that of the ventricles of the heart ; the only 
difference being that in the heart there are no osseous attachments for the muscles, whereas in the trunk there are 
many. This, however, is a matter of detail, and does not invalidate the important fact that the heart and chest 
mucin are arranged on a common principle, and that they are invested with centripetal and centrifugal rhythmic 
movements wlierehy they can close and open their several cavities in all their diameters. The movements are 
tpttDtaneous, inherent movements ; the closing movements not causing the opening movement*, and vice Vend. Both 
sets of movements are vital in their nature. The cavity of the trunk, divided into two by the diaphragm, consti- 
tutes what is practically an enormous heart ; the thoracic cavity representing the left auricle, the diaphragm the 
bicuspid or mitral valve, and the abdominal cavity the left ventricle. It follows that the cardiac muscles supply 
the pattern or i ■■. ;<e for the trunk muscles, and that the former pulsate within the latter. The cardiac muscles are 
the precursors of the trunk muscles. 

The muscular arrangements which obtain in the trunk reappear in a well-marked form in the limbs, as is shown 
further on. 

From the foregoing it will readily be inferred that the cardiac and trunk muscles have much in common, both 
stmctti rally and functionally, and that the trunk muscles are largely mixed muscles, that is, they are partly in- 
voluntary and [»rtly voluntary. The involuntary nature of the trunk muscles is generally overlooked, but, as a 
matter of fact, the involuntary muscles are more numerous and important than the voluntary ones. 

Fig. 52 affords an admirable example of the typical muscular arrangements which everywhere obtain in the 
body ; the muscles, as stated, running in vertical, slightly oblique, oblique, and transverse directions. It also shows 
that certain of tho muscles (lower dictations of serratus magnus and attachments of external oblique) follow a 
plicated and ■ • . i . ■ : ligitating arrangement, and that others (the latissimus dorsi or great muscle of the back) radiate 
and spread out no as to assume a characteristic fan-shape. Lastly it shows that the powerful hip muscles (gluteus 
"...>. ii-.!-. medius, minimus, and others) of which the gluteus maximus and medius only are shown in the figure, run 
in nearly every direction, as is the case in the shoulder muscles (scapular, deltoid, pectoralis muscles, &c), and with 
which they should be compared (see Figs. 51 and 53). 

The ball and socket or universal joints, as already indicated, can only be moved satisfactorily by muscles and 
nmealar fibres which run practically in every direction. Universal movements necessitate a universal arrangement 
of monies and muscular fibres. 

Tig. 62 further shows how certain of the movements of the thorax and abdomen are produced. The external 
and internal oblique muscles and transverse abdominal ones, aided by the rectal abdominal muscles, when they 
contract draw down the ribs and diminish the cavities of the thorax and abdomen in a direction from above down* 
wards and so take a prominent part in the movements of expiration. When the thorax, pelvis, and diaphragm are 
fixed, they powerfully compress the abdominal viscera, and so take a prominent part in deftecation, urination, and 
parturition. The recti abdominal muscles are mainly muscles of expiration. They, however, in conjunction with 
the transversalis abdominis muscles, which run at right angles to them, exercise a marked influence in diminishing 
the cavity of the abdomen in its longitudinal and transverse diameters. If to the recti and transverse abdominal 
muscles be added the oblique ones (external and internal oblique abdominal muscles), which as their names 
indicate run in oblique directions and cross each other, the most powerful muscular arrangements conceivable for 
strength and for efficiency in expelling air, fluids, semi-solids, and solids are at once secured. It is the same arrange- 
ment which obtains in the ventricles of the mammalian heart, the stomach, the bladder, and the uterus — viscera 
expressly formed to receive, retain, and expel their contents at given intervals. In these viscera, as has been 
already shown, the muscular fibres exercise a double power — a centripetal contracting power, and a dilating centri- 
fugal power ; and I am disposed to believe that all muscles, voluntary, involuntary, and mixed, exercise the double 
power referred to. As the viscera in question cannot force the narrow passage of their sphincters, it follows that 
the sphincters must dilate and open spontaneously when the bodies of the viscera close and contract — the sphincters 
closing or contracting when the bodies of the viscera open and dilate. The centripetal and centrifugal muscular 
movements are vital and not vito- mechanical in their nature. In the case of the heart, the auricles contract and 
close when the ventricles relax and open, and vice versa. 

A similar arrangement is met with in the muscles which alternately increase and diminish the cavities of the 
chest and abdomen. When the muscles of the abdomen contract and shorten, those of the thorax relax and 
elongate. When, on the contrary, the muscles of the thorax contract and shorten, those of the abdomen relax and 
elongate : the two sets of muscles display co-ordinated centripetal and centrifugal rhythmic movements. 
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The dome-shaped diaphragm possesses the same powers. When it contracts and flattens, it enlarges the thorax 
at the expense of the abdomen ; the cavity of the thorax being greatest when that of the abdomen is least, and the 
converse. The obvious conclusion is, that the muscles of the thorax and abdomen and the diaphragm or muscular 
partition between them have the power of increasing and diminishing the cavities of the chest and abdomen 
spontaneously and independently. 

When the muscles of the thorax and diaphragm contract and shorten they enlarge the cavity of the chest in 
all its diameters as in inspiration. When, on the other hand, the muscles of the diaphragm relax and those of 
the abdomen contract they diminish the cavity of the chest in all its diameters as in expiration. The muscles 
of the abdomen by their contractions assist in diminishing the cavity of the thorax by pulling down the ribs 
and pushing up such viscera as are placed beneath the diaphragm. The thoracic and abdominal muscular 
arrangements are necessary to each other in the same way that the auricular and ventricular arrangements of the 
heart are. 

While I venture to claim spontaneous, independent, rhythmic movements for the thoracic, diaphragmatic, and. 
abdominal muscles, I am not unmindful of the fact that the nerves with which these muscles are supplied exercise 
a certain influence, and that if the ganglion of the tuber annulare of the brain be destroyed the power to breathe 
is suddenly arrested. This does not prove that the nervous system is to be accredited with the production and 
maintenance of the rhythmic movements of the chest, diaphragm, and abdomen. The nervous system at best 
exercises a regulating power. In the case of the heart, the rhythmic movements of the auricles and ventricles con- 
tinue for some considerable time after the heart is removed from the body and the connection between it and the 
brain severed. Of course it may be said that the heart contains on its blood-vessels, on its surface, and in its sub- 
stance large numbers of nerve ganglia, but this only goes to show that the heart, thorax, and abdomen can exercise 
independent and co-ordinated rhythmic movements as apart from the brain ; the movements in question being, 
for the wisest of purposes, placed beyond our control. It could not well be otherwise. The circulation, the respira- 
tion, and the intake, digestion, and output of food and excreta generally are absolutely necessary to life, and, if 
the several processes had to be superintended by individuals, it goes without saying that life would be a burden 
and in many ways undesirable. 

The relations which obtain between the cavities of the heart and those of the thorax and abdomen are of the 
closest kind, and the fact that the muscles of the heart act without bones, while those of the thorax and abdomen 
act in conjunction with bones, makes no difference, for, as I have already shown, the osseous system is, in every case, 
a mere auxiliary or adjunct of the muscular system. Movement always begins and terminates in muscle or living 
sarcode of some kind. The bones cannot move of themselves. 

Grave discrepancies occur in the descriptions given of the action of the respiratory muscles. 

While authorities are not agreed as to the number of muscles which take part in respiration, neither are they 
agreed as to the functions performed by individual muscles and as regards their so-called active and passive move- 
ments. This is especially true of the intercostal muscles. According to Cruveilhier these muscles neither act as 
elevators nor depressors of the ribs, but only as tensors of the intercostal spaces. 

According to Halle the intercostals act together and are elevators of the ribs. 

According to Hamberger the external intercostals act as elevators of the ribs — the internal intercostals as 
depressors. 

According to Hutchinson the external intercostals and the parts of the internal intercostals placed between 
the costal cartilages elevate the ribs, whereas the lateral portions of the internal intercostals depress the ribs. 
Hutchinson's view is that commonly accepted at present. 

It has been sought to illustrate Hutchinson's theory by the aid of a model consisting of two straight parallel 
bars of wood representing the ribs, a vertical upright representing the vertebral column, and two oblique elastic 
bands representing the external and internal intercostal muscles. The parallel bars are jointed at one end to the 
vertical upright, and the free ends of the bars are furnished with a piece of wood to represent the sternum. When 
the elastic band which slopes downwards and forwards and represents the external intercostals is put upon the 
stretch and allowed to recoil it elevates the bars. When the band which slopes downwards and backwards and 
represents the internal intercostals is similarly treated it depresses the bars. 

This ingenious illustration, at first sight very convincing, is, upon careful examination, altogether unsatis- 
factory, from the fact that the conditions are not identical. The ribs are not straight and parallel structures. 
On the contrary, they are spiral and variously curved, are set at different angles to the spinal column, are 
of different sizes, and during their rise and fall rotate upon their axes and within the sockets formed for them 
by the ribs. Neither do the oblique elastic bands of the model aptly or accurately represent the action of the 
intercostal muscles. 
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The muscles usually accredited with the production of calm or normal inspiration are — 

(a) The diaphragm. 

(b) The external and internal intercostals. 

(c) The minor pectoral muscles. 

(d) The levatores costarum. 

(e) The scaleni. 

To these I add the following correlated and co-ordinated muscles. The additions are printed in italics. 
(/) The recti abdominis. 1 
(g) The pyramidalis. 
(h) The triangularis sterni. 
(i) The external and internal oblique abdominis, 
(j) The transversalis abdominis. 

When the muscles which fall under a, 6, c, d, e shorten or contract, those which fall under /, g, A, i, j elongate 
or relax ; the two sets being complementary and working harmoniously to increase the capacity of the thorax in 
all its diameters. 

In normal expiration the abdominal muscles shorten or contract ; the thoracic muscles, together with the 
diaphragm, simultaneously elongating or relaxing. 

If the abdominal muscles did not elongate or relax when the thoracic muscles shortened or contracted, then 
the thoracic ones would have forcibly to extend or drag out the abdominal muscles at each inspiratory effort, which 
is more than they could possibly accomplish. This follows, because the recti abdominis, pyramidalis, triangularis 
sterni, and the external and internal oblique abdominis muscles directly depress the ribs and are the co-ordinates of 
the external and internal intercostal muscles, the levatores costarum, and the scaleni, which directly elevate the ribs. 
The inspiratory and expiratory muscles do not oppose or antagonise each other, as is generally supposed. On the 
contrary, they work together to produce predetermined results, and they are so placed and so arranged that they 
do what is required of them as prime movers and at first hand. 

Between the thoracic, abdominal, and diaphragmatic muscles there is a constant give and take which brings 
about by a series of vital rhythmic movements an alternate increase and diminution of the thoracic and abdominal 
cavities. 

According to accepted views, expiration in calm or normal respiration is not produced by muscular action at all. 
It is said to be due chiefly to elastic recoil. The important function of expiration is left more or less to chance. The 
elastic recoil mechanical theory of expiration is, on the face of it, erroneous. 

The accounts given of the respiratory movements of the nostrils, glottis, and chest are at once conflicting and 
unsatisfactory. Thus in Quain's " Anatomy " 2 it is stated : " In normal and quiet expiration the diminution of the 
capacity of the chest is mainly, if not wholly, due to the return of the walls of the chest to the condition of rest, 
in consequence of their own elastic reaction and of the elasticity and weight of the viscera and other parts displaced by 
inspiration." 

Similar remarks are made of the partial closing of the nostrils and the glottis in expiration. 

All this is highly perplexing. If the inspiratory and expiratory acts are co-ordinated and complementary, 
which there is every reason to believe they are, they have necessarily the same value. It is irrational to assume 
that inspiration is a vital act produced by the shortening or contracting of living muscles while expiration is a purely 
mechanical act due to elastic recoil. Moreover, the theory of elastic recoil, if applied all round, is conflicting, inas- 
much as it affirms that the several compartments of the heart are closed by vital acts and opened by mechanical 
ones due to the elastic and other properties of the cardiac muscles, whereas the chest is opened by vital acts and 
closed mainly or exclusively by elastic ones. Muscle is said to act in a certain way in one place and in another and 
opposite way in another place. 

There are two formidable objections to the elastic recoil theory. 

First. There are muscles specially provided for producing the expiratory movements. These, as stated, are 
the recti abdominis and pyramidalis, the triangularis sterni, the external and internal oblique abdominis, and the 
transversalis abdominis. 

The recti abdominis and pyramidalis, the triangularis sterni. and the external and internal oblique abdominis, 
when they shorten or contract, directly and at first hand pull down the sternum and ribs, and, aided by the elonga- 

1 The abdominal muscles are usually believed to have no function in calm or normal inspiration, but only in forced or lal*>ured expiration. 

" In forced expiration and in efforts of expulsion from the thorax and abdomen all the muscles which tend to depress the ril>s, and those 
which compress the alriominal cavity, concur in powerful action to empty the lungs, Hx the trunk, and expel the contents of the alxlominal 
viscera*' (Quain's "Anatomy," vol. i."p. 248). 

* Seventh edition, vol. i. p. 249. 
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tion or relaxation of the diaphragmatic muscles, diminish the dimensions of the thorax in all its diameters. The 
abdominal muscles named and the triangularis sterni are as directly connected with the pulling down and lowering 
of the ribs and sternum as the minor pectorals, intercostals, levatorcs costarum and scaleni are connected with the 
rucking up and raising of the ribs and sternum. 

Second. If the abdominal muscles and triangularis sterni are not muscles of expiration, then the whole onus of 
respiration is thrown upon the so-called inspiratory muscles, which are required forcibly to extend the abdominal 
muscles and to put the ribs and a great many other structures on the stretch to ensure an elastic recoil, which 
recoil will, unaided and without direction and guidance, produce the important act of expiration. Elasticity, 
which is a mere mechanical property, is, according to the mechanical school, made to take the place of a first or 
prime motor. 
I Expiration is quite as important an act as inspiration. In some senses it is the more important of the two. 

The expiratory act has to regulate with extraordinary nicety the amount of air passing through the glottis and 
the vocal chords in the production of voice, and the marvellous inflexions of which the voice is capable. The regu- 
lation of the strong and ever- varying blasts of air required for declamation, intoning, singing, whispering, &c., could 
not possibly be left to the haphazard power exercised by elasticity. These air currents, momentarily changing in 
volume and intensity, demand for their production and management a set of living, co-ordinated muscles with 
delicately adjusted associated movements. The highly specialised muscles required are found in the larynx, in the 
thorax, and in the abdomen. It has been sought to explain half the movements of the glottis and vocal chords by 
elasticity, but I hold strongly that the movements are largely vital throughout. They are too delicate, and require 
too much fine adjustment to be delegated to any form of elastic recoil. 

In the whole animal economy there are no more ticklish functions to be discharged than are performed by the 
muscles of the glottis, vocal chords, chest, and abdomen. All the muscles in question are definitely co-ordinated 
and move with the greatest exactitude. They move, moreover, as highly sensitive organs with a sensory and motor 
nerve supply. Nothing is left to chance and very little to elasticity. 

The statements made by physiologists concerning the movements of the glottis and vocal chords are at once 
conflicting and confusing. Thus Professor Austin Flint, usually a very careful and exact writer, says of the glottis 
in connection with voice : "A nearly passive organ, opening widely for the passage of air into the lungs (because the 
inspiratory act has a tendency to draw its edges together), and entirely passive in expiration, has now become a sort 
of musical instrument, presenting a slit with borders capable of accurate vibration. The approximation of the 
posterior extremities of the vocal chords and their tension by the action of certain of the intrinsic muscles are accom- 
plished just before the vocal effort is actually made. The glottis being thus prepared for the emission of a par- 
ticular sound the expiratory muscles [it will be observed that the elastic theory of expiration is here discarded] force 
air through the larynx with the required power. It seems wonderful how a carefully-trained voice can be modulated 
and varied in all its qualities, including the intensity of vibration, which is so completely under control" [Here again 
the elastic mechanical theory is set aside.] 

He proceeds : " The power of the voice is simply due to the force of the expiratory act, which is regulated 
chiefly by the antagonistic relations of the diaphragm and the abdominal muscles. From the fact that the 
diaphragm, as an active inspiratory muscle, is exactly opposed to the muscles which have a tendency to push the 
abdominal organs, with the diaphragm over them, into the thoracic cavity, and thus to diminish the pulmonary 
capacity, the expiratory and inspiratory acts may be balanced so nicely that the most delicate vocal vibrations can 
be produced." * 

There is much that is contradictory and misleading in these statements. How, I would inquire, can the glottis be 
nearly passive in inspiration and wholly passive in expiration ? How can the air in phonation be forced through the 
larynx with tlie required power by the expiratory muscles if these muscles do not act vitally and as apart from mere 
elasticity ? and how can the vibration of the vocal chords be " completely under control " unless the expiratory 
muscles and the muscles of the larynx which regulate the vibration are also under control ? How can " the antago- 
nistic relations of the diaphragm and the abdominal muscles " adjust the expiratory act and the power of the voice ? 
Why should the diaphragm be an active inspiratory muscle, and a passive expiratory one, exactly opposed to the 
muscles which have a tendency to push the abdominal organs into the thorax ? Above all, how can the inspiratory 
and expiratory acts (seeing the latter put the viscera in motion) " be balanced so nicely that the most delicate 
vocal vibrations can be produced " ? 

The confusion and inconsistencies referred to above are the result of an erroneous conception of muscular 
action and muscular arrangements, and of the part which elasticity is supposed to play in all muscular effort. 

1 •• A Text- Book of Human Physiology," by Austin Flint, junior, M.D., Professor of Physiology and Physiological Anatomy, Bellevue 
Hospital and Medical College, New York ; ]>j». 554, 555. 
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Professor Flint has given expression to the views of the majority of physiologists of the present day, and is in no 
way to be held responsible for popular beliefs however incorrect. 

For these and other reasons already stated, I hold that the inspiratory and expiratory muscular movements are 
both vital in their nature, and that the abdominal muscles of expiration are correlated to, and act in concert with, 
the thoracic muscles of inspiration. 

The inspiratory and expiratory movements are produced by spontaneous self-acting muscles ; elasticity playing 
quite a subordinate part in both movements, but being most pronounced in expiration. 

As regards the subject of elasticity it may be well to point out that the elastic properties of living muscles and 
elastic bodies generally, such as steel, caoutchouc, and other springs, are not identical, and give quite different 
results. The elasticity of muscle acts slowly and is more or less under control — that of mechanical springs acts 
quickly and is, in no sense, under guidance. 

While I do not attach the same importance to elasticity in muscular action as some of my confreres do, I 
am far from denying its existence or ignoring its power in animal physics. It certainly does perform a useful function 
in expiration and in wing and other movements. 

The one-sided view of the opening and closing of the chest, whereby the opening is ascribed to vital action 
inhering in the muscles, and the closing to elastic recoil, is due to the almost universal belief that muscle is endowed 
with only one power, namely, that of shortening or contracting. A compensating force in that case becomes a 
necessity, and elasticity is made to do duty in and out of season when a difficulty arises. For reasons already 
stated, I maintain that muscles are endowed with a double power, namely, a centripetal power of contracting 
or shortening, and a centrifugal power of relaxing or elongating ; these movements being both vital in their 
nature. An analysis of the movements of muscle (voluntary and involuntary) is given in Sections 54 and 55 of the 
present work. 

According to my views, muscles never oppose and contend against each other as rivals. On the contrary, 
they work harmoniously together ; elasticity helping them over their dead points and contributing to the continuity 
of their movements. 

Hitherto I have confined my observations to the movements of the respiratory muscles in calm or normal 
breathing, and before leaving the subject, and in order to emphasise my findings on an avowedly difficult and important 
matter, I append a table in which not only the muscles engaged are enumerated, but also their attachments set forth. 
The muscles connected with violent or forced breathing are given further on. They are usually designated extra- 
ordinary muscles of respiration. 

TABLE OF MUSCLES ENGAGED IN RESPIRATION ACCORDING 

TO THE AUTHOR 

Inspiratory Muscles Engaged in Ordinary Calm Breathing 

Attachment*. 

(a) The external and internal intercostal The external intercostal muscles are attached to the outer borders of 
muscles. the ribs ; the internal intercostal muscles (sternal portions) to the 

borders of the costal cartilages. 

(h) The pectorales minor muscles. 1 These muscles are attached to the coracoid process of the scapula and 

the anterior surfaces and upper margins of the third, fourth, and fifth 
ribs near the cartilages. 

(c) The scaleni muscles (anticus, medius, and The scalenus anticus muscle is attached to the third, fourth, and fifth 

posticus). ribs of the cervical vertebrae and the tubercle of the first rib ; the 

scalenus medius to the transverse processes of the lower six cervical 
vertebra and the upper surface of the first rib ; the scalenus posticus 
to the transverse processes of the lower three cervical vertebrae and the 
outer surface of tlie second rib. 

(d) The twelve levatores costarum muscles. The levatores costnrum muscles are attached to the transverse processes 

of the dorsal vertebrae and the ribs between the tubercles and angles. 

(t) The diaphragm, at once inspiratory and ex- The diaphragm is attached to the lxnlies of several of the upper lumbar 
piratory. vertebrae, the ligamentum arcuata, the ensiform cartilage, and the carti- 

lages of the sixtn lower ribs. 



1 These muscles are said to act in forced or deep inspiration. 
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Expiratory Muscles 1 Engaged in Ordinary Calm Breathing 



(/) The recti abdominis muscles. 



(</) The external, internal, and transversal is 
abdominis muscles (especially the two 
former). 



\: 



(h) The triangularis sterni. 



(i) The serrati muscles. 



(7) The sacro-lumhalis muscle. 



Attachments. 

The rectus abdominis arises by two tendons from the crest of the os 
pubis and the ligament covering the symphysis pubis. It is inserted 
by three portions into the fifth, sixth, and seventh ribs anteriorly. 

The external oblique muscle is attached to the external surfaces and 
lower borders of the eight inferior ribs— crest of the ilium, linea alba, 
and Pou part's ligament. The internal oblique muscle is attached to 
P011 part's ligament, anterior portion of the crest of the ilium and 
lumbar fascia — the cartilages of the four inferior rib.*, the linea alba, 
the upper crest of the pubis and the pectineal line. The transversalis 
abdominis is attached to Pou part's ligament, anterior portion of the 
crest of the ilium, the lumbar vertebra?, the inner surfaces of the 
cartilages of the six lower ribs — the crest of the pubis, pectineal line, 
and linea alba. 

The triangularis sterni is attached to the ensiform cartilage, lower 
border of sternum, and the lower four costal cartilages — the cartilages 
of the second, third, fourth, and fifth ribs. 

The serratus muscle (divided into superior, middle, and inferior por- 
tions) arises by eight fleshy digitations from the external borders and 
upper surfaces of the eight upper ribs and the aponeurosis covering 
the upper intercostal spaces. It is inserted into tne whole length of 
the inner margin of the posterior border of the scapula. 

The sucro-lumbalis is attached to the sternum — the angles of the six 
lower ribs. 



(k) The diaphragm. This muscle takes part in The diaphragm. For attachments of this muscle, see description given 
expiration and inspiration. under (e). 

While the above table illustrates very satisfactorily the number and nature of the muscles engaged in calm 
normal breathing, it is well to bear in mind that a comparatively large number of extraordinary or auxiliary muscles 
are brought into action in deep or forced breathing. The movements of the auxiliary muscles are by no means well 
determined ; a circumstance due to the auxiliary muscles, in many cases, acting singly or in small groups, and 
to their being, in not a few instances, removed to considerable distances from the thorax and abdomen. After all, 
it is with the ordinary muscles of inspiration and expiration we have to do. It will suffice simply to enumerate the 
extraordinary or auxiliary muscles of respiration. They are briefly stated as under by Professors Landois and 
Stirling : 2 — 

Muscles engaged in Forced Inspiration in the Trunk. — The scaleni, the sterno-cleido-mastoidei, the trapezii, the 
pectorales minor, the serrati, the rhomboidei. and the extensors of the vertebral column. 

Muscles engaged in Forced Expiration in the Trunk. — The abdominal muscles, the intercostal muscles, the triangu- 
laris sterni, the serratus posticas inferior, and the quadratus lumborum. 

It should be noted that in addition to the respiratory muscles enumerated above, others occur on the nostrils, 
and on the pharynx and larynx ; the latter regulating, within limits, the movements of the vocal chords in the 
production of voice, and the ingress and egress of air into the lungs. 

It only remains to say a few words regarding the causes which produce the muscular rhythmic movements of 
respiration. Are they due to inherent irritability and stimulation and elastic recoil acting on the tissues involved ; 
or are they the outcome of original endowment stamped on the animal from the beginning and pre-determined to act 
spontaneously and as apart from elasticity, irritability, and stimulation, and also as apart from nerves, which are 
rather to be regarded as the regulators than the originators of the movements ? 

For reasons already stated I am strongly of opinion that the muscular, respiratory, rhythmic movements are spon- 
taneous and independent movements, and that they are conferred on animals as part of their original equipment, 
without which the business of life could neither be inaugurated nor continued. One has only to recollect that so 
long as life endures the demand for breath is incessant day and night, and that the movements of the muscles of 
respiration are specially adapted to the performance of one great function, namely, the supplying of the lungs with 
pure air. If the supply of pure air be not forthcoming speedy collapse inevitably follows. To keep the air in the 
lungs pure there must be no hitch or impediment in the due performance of the breathing process. There must 
be no waiting for elastic recoil at any stage of the respiratory act. 

1 These muscles, as already explained, also take jiart in inspiration. 

* "A Text-Book on Human Physiology, including Histology and Microscopical Anatomy," by Dr. L. Landois, Professor of Physiology, 
University of Greifswald, and William Stirling, M.D., Sc.D., Professor of Physiology, Owens College, University of Manchester. 



NEW VIEW OF THE MECHANISM OF RESPIRATION 297 

The inspiratory and expiratory movements are fundamental and vital in their nature. The muscles are living 
structures both in inspiration and expiration. It is not sufficient to say that the dilatation of the chest is due to vital 
muscular acts, and that the contraction of the chest is due to passive muscular acts, to elasticity, irritability, and to 
stimulation. The chest, as already pointed out, is said to be opened up and increased by vital acts and to be con- 
tracted and decreased by passive elastic acts. It is further stated that the several compartments of the heart are 
opened up and dilated by passive elastic and other mechanical acts and closed and contracted by what are 
undoubtedly vital acts. Both statements cannot possibly be true, and the reader may rest assured that muscle does 
ra.ot act in a certain way in one part of the body and in another and opposite way in another part of the body. This 
fact annihilates the mechanical theory of muscular action. 

In taking leave of the muscular respiratory rhythms I wish to explain that I am less concerned with the 
umber of muscles employed in the production of the rhythms than with the rhythms themselves, and the principle 
hich underlies muscular movements as a whole. The points which I am anxious to establish are- 



1. That not only are the respiratory movements rhythmic in character, but that they are inherent, fundamental, 
«id co-ordinated. 

2. That the movements of the diaphragm, and of the thoracic and abdominal muscles which take part in respira- 
tion, are in all respects analogous to those occurring in the heart, stomach, bladder, and uterus. 

3. That the respiratory movements are due to the action of living muscles. 

4. That no part of the movements is referable to elasticity alone. 

5. That elasticity is a subordinate and not a leading factor in their production. 

6. That they are finely adjusted movements, which elasticity by itself could not produce. 

7. That they do not primarily owe their existence to nerve initiative. 

8. That nerves, under certain circumstances and within limits, regulate them. 

9. That they form one of the four great organic rhythms on which life in the higher animals depends ; the other 
three being the rhythms of alimentation, the circulation, and reproduction. The respiratory rhythms are vital, 
fundamental, spontaneous, and essential to life. The respiratory muscular rhythms cause air, and the oxygen 
it contains, to circulate within the lungs. The rhythms of the circulation cause pure and impure blood to per- 
vade every part of the economy, so that the tissues are fed and the waste products carried off to the lungs and 
other parts to be extruded from the system. The rhythms of alimentation bring food, drink, and nutrition 
generally to the body, and remove from it effete matters in the shape of gases, fluids, and solids ; and the rhythms 
of reproduction, anchored deeply in the constitution of every living being, provide for the continuation of the 
individual and of the race. 

The four great organic rhythms hang together and are mutually interdependent. Indigestion and flatus in the 
stomach produce palpitation and quicken the movements of the heart ; accelerated motions of the heart quicken 
and disturb the respiratory movements ; and an impaired condition of the health dependent upon the abnormal 
action of the alimentary canal, heart, and lungs, impairs or destroys the sexual appetite. 

It needs little reflection to be convinced that a constant supply of atmospheric air, water, and pabulum in a 
fluid or semi-fluid form is a prime necessity of life, and that the great First Cause has ensured that they shall circulate 
within every living thing, either with or without specially-designed contrivances for the purpose. The special con- 
trivances in the higher animals are the organic rhythms referred to. The intake and output of air, water, and semi- 
fluid food are too important to be left to chance. They are provided for in the economy of all living things ; and 
this one fact shows that a very high place is to be assigned to them in every form of physiological investigation. 

There is reason to believe that the movements of both the voluntary and involuntary muscles are fundamentally 
rhythmic in character, and that the motor nerves distributed to both sets of muscles participate in, although they 
do not cause, the rhythms. 

As already explained, rhythmic movements can and do take place in certain plants where neither muscular 
fibres nor nerves exist. Similar movements occur in the heart of the chick, composed of nucleated cells, before 
muscular fibres, nerves, or even blood make their appearance. Rhythmic movements are not, therefore, peculiar to 
muscle and nerve. In other words, muscular fibres and nerves are not necessary for the production of rhythmic 
manifestations. 

When, however, rhythmic movements occur in structures where both muscular fibres and nerves are present, 
it follows that, while the rhythms inhere in the muscles, the nerves exercise a guiding or regulating power. 

In the higher animals the cerebro-spinal nervous system presides over the voluntary system of muscles — the 
sympathetic nervous system, aided to a slight extent by the cerebro-spinal system, presiding over the involuntary 
system of muscles. 

The cerebro-spinal system of nerves presides over the voluntary muscles directly, and over the involuntary 
vol. 1. 2 p 
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muscles indirectly Similarly and conversely, the sympathetic system of nerves distributed to the involuntary 
system of muscles, in certain cases, influences the cerebro-spinal system of nerves and even the voluntary system of 

muscles. 

While the cerebro-spinal and sympathetic systems of nerves are, in a way, separate and distinct, they are, never- 
theless, united structurally. They also co-operate functionally. In like manner, the voluntary and involuntary 
systems of muscles are separate and distinct up to a point, but they run into each other through the mixed muscles, 
so that structurally and functionally no hard-and-fast line can be drawn between the cerebro-spinal, the sympathetic, 
and the voluntary and involuntary muscular systems. 

As the voluntary muscles may be regarded as higher developments and differentiations of the involuntary 
muscles, so may the cerebro-spinal nervous system be regarded as a higher development and differentiation of the 
sympathetic nervous system. 

The two nervous systems merge into each other and the two muscular systems do likewise. With this 
community of structure and function on the part of the nervous and muscular systems it will excite no surprise when 
it is stated that the pale, unstriated, involuntary system of muscles, in which are included the heart, 1 stomach, 
alimentary canal, bladder, uterus, &c., and which are characterised by rhythmic movements, have a supply of 
cerebro-spinal and sympathetic nerves ; while the red, striated, voluntary system of muscles, in which are included 
the diaphragm and the muscles of the chest and abdomen, but which in this case take on rhythmic movements, have 
a supply of cerebro-spinal nerves alone. 

Here we have the cerebro-spinal system of nerves lending itself to rhythmic movements. In other words, we 
have the highest form of muscle performing rhythmic movements, which, strictly speaking, is the function performed 
by the lowest form of muscle (involuntary) and the lowest form of nerve (the sympathetic). 

This of itself breaks down the distinction between the two kinds of nerve and the two kinds of muscle in 
question. Nay more, it shows that rhythmic movements are not altogether foreign to the highest form of nerve and 
the highest form of muscle. 

As regards the structure of muscle and of nerve it is a mere question of development and differentiation. The 
pale, unstriated, involuntary muscle is found in the stomach, intestine, bladder, uterus, lungs, blood-vessels, &c. ; the 
red striated muscle is found in the heart, the diaphragm, the muscles of the chest, and the muscles of the abdomen 
— but all the muscles named, striated and unstriated, may and do act occasionally, involuntarily and rhythmically. 
The heart affords an example of a red striated muscle which moves involuntarily. The muscles of the pharynx 
and larynx are partly voluntary and partly involuntary, and are known as mixed muscles. The muscles of the limbs 
consist of red, striated muscles, and, as a rule, act voluntarily ; they, however, under certain circumstances, act 
involuntarily, as in the case of lunatics and, during sleep, in sane persons. 

Similarly, what is the sympathetic system of nerves in man suffices for many of the lower animals, which have 
no brains, but which nevertheless perform what must be regarded as a low form of voluntary movements. The five- 
rayed star-fish is an example. 2 

If, however, the pale, unstriated, involuntary muscles culminate in the red, striated, voluntary muscles, and the 
sympathetic system of nerves culminates in the cerebro-spinal, then the following inference may fairly be drawn — 
all muscular movements and all nerve action are, or may be, rhythmic in character. 

All the handicrafts are dependent on muscle training. The skilled artificers in every department of labour rely 
for their deft movements on the highly-trained voluntary muscles of their hands, arms, feet, legs, and other parts of 
their bodies. The nicety of movement in many cases attained is truly marvellous. 

No finer study of harmony structurally or functionally can anywhere be witnessed than is presented by a fully- 
developed, highly-trained muscular system. The ease, the grace, the subtlety, the dignity, the power, nay, the 
majesty of motion, is in some cases transcendent. For the highest manifestations of muscular excellence there must- 
be mind behind to give direction and expression. 

As regards the cerebrum or brain, which is the chief portion of the cerebro-spinal nervous system, it is important 
to point out all that its actions and manifestations are of the interrupted order. Even the brain works and rests 
at intervals. 

It would be easy to multiply indefinitely the many interesting points connected with the rhythms and reflexes 
in the organic kingdom, and to associate them with protoplasm, with voluntary and involuntary muscles, with nerves 
or their representatives, with the intake and output of matter in living structures, with a Designer and Regulator 
of the Universe, with law and order, and endless striking examples of " means to ends," and of cause and effect. It 

1 The heart is aii exception as regards colour and 8t nation. It affords an example of an involuntary muscle whose fibres are red and striated. 

* I am aware that the majority of physiologists would attribute the movements of the star-fish to irritability, stimulation, and reflex action. 
This explanation does not meet the case. The star-fish controls its movements, and moves in sj>ecinc directions and to accomplish certain ends. 
Its movements are in no sense involuntary or haphazard. 
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is, however, not necessary to elaborate the subject further. It will suffice if I reiterate my statements to the effect 
that the rhythms and reflexes referred to are the product of fundamental structures, which have their roots deep 
in the constitution of things, and that they are necessary, in one shape or other, to the very existence of plants and 
animals in their simplest and most complex forms. The rhythms and reflexes to which allusion is now made are not 
the offspring of chance, of irritability, stimulation, or environment. They are movements per se, and the more 
closely they are scanned, the more mysterious and inexplicable do they become unless a First Cause is predicated. 
There is no getting behind or understanding them unless a First Cause be taken for granted. With a Creator, the 
whole scheme of original endowment and movement lies open to the gaze of even the most casual observer. 



TRANSITION LINKS AS BETWEEN THE PLANT AND ANIMAL 

The breathing of animals has been fully described and illustrated under " The Respiratory Organs in Animals, 
and especially in Man " (page 274, Section 55, Plates lxxvii. and lxxviii., Figs. 45 to 57 inclusive). The muscular 
arrangements and movements in animals are described and delineated very fully in Plates lxxxiii., lxxxiv., and lxxxv., 
Figs. 67 to 75 inclusive. The part played by the muscles in the production of alimentation, respiration, circulation, 
urination, reproduction, and locomotion are dealt with in detail in different parts of the work. 

§ 57. The Mycetozoa. 

These remarkable organisms form a numerous family, and are pretty well universal as regards distribution, 
being found in Europe, India, the Cape of Good Hope, Australia, North and South America, &c. As many as one 
hundred and seventy-five species are preserved in the Botanical Collection of the British Museum, and, curious to 
relate, as establishing the cosmopolitan nature of the family, quite a large number of species exhibit precisely the 
same characters on different parts of the earth's surface. 

Great interest attaches to the Mycetozoa physiologically because of their mode of reproduction, their independent 
amoebic and plasmodium movements, their mode of feeding, their tenacity of life, and their power of subsisting in 
essentially two different conditions, namely, in a desiccated or dried- up, inactive, or hibernating condition (sclerotium), 
and in a moist, swarming, streaming, active condition. These several points are illustrated at Figs. 58 and 59. 

The dual life of the Mycetozoa, namely, its inactive, resting condition (Fig. 59, A) ; its power of swarming 
(Fig. 58, A, B, C) ; and its aggressive nature in the active or streaming state (Fig. 59, B, C, D, E), are especially out- 
standing features, and deserve the careful attention of biologists, as they reveal a potentiality, structurally and 
functionally, which goes far to prove that protoplasm and life are endowed with what are virtually universal 
powers. The life history of the Mycetozoa certainly shows that reproduction, ingestion, digestion, absorption, 
assimilation, and movements more or less co-ordinated and definite can be produced in the simplest manner, and 
with little or no differentiation. It also shows that these processes, in the higher animals up to man himself, are 
not necessarily dependent on the existence of a nervous system ; as a rule, that system controlling but not 
causing them. 

It is important to direct the attention of the reader to this fact, as the trend of late years is to accredit the 
nervous system, in the higher animals, with every change, physical and mental, which occurs in the animal economy. 

It is quite obvious that the movements,]rhythmic and otherwise, occurring in plants and a very large number 
of the lower organisms, are in no way dependent on nerves ; these being non-existent, or, at all events, not assum- 
ing a definite or palpable form. It is reasonable to assume that the movements connected with alimentation, 
respiration, circulation, secretion, excretion, &c., all of which are necessary to the life and well-being of the in- 
dividual, are pre-arranged, original, inherent, and independent movements. An example will bring out my meaning. 
The heart of the chick beats regularly while yet a mass of nucleated cells, and before it is provided with muscles 
and nerves, and even before it contains blood. 

To borrow an illustration from the Mycetozoa themselves. The plasmodium of Badhamia utrictdaris streams 
out in search of food in fan-shaped, skirmishing order, and covers an area of forty or more square inches ; its little 
advancing fans, two or three hundred in number, springing from a network of branches (Fig. 59, B, C, D, E). 

When food, say a portion of Stereum hirsutum, is placed at the root of the network, the little advancing fans 
and the network itself are. simultaneously withdrawn, and the plasmodium, voluntarily as it were, concentrates 
on the food, which it steadily and slowly devours. 4The skirmishing order may be maintained for two whole days, 
while the concentration occurs in five hours. 

Here we have what is virtually a voluntary effort put forth by an organism which, according to some, is a 
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plant, according to others an animal, and according to a third, a half plant or a half animal. 1 This raises a question 
of primary importance in physiology and psychology. Is it necessary to believe that organisms devoid of a nervous 
syBtem, or, at all events, of a tangible nervous system, are hopelessly ignorant of their own existence, seeing they 
can move in definite directions and shape their ends ? Further, are the lower animal forms (say the five-rayed star- 
fish), which are provided with ganglia and sensory and motor nerves, but no brain, and whose movements are 
undoubtedly voluntary, devoid of the conscious ego ? 

The brain of the centipede consists of a slight differentiation and increase of two of a longitudinal chain of 
ganglia which occupies a central dorsal position in the body of the creature, and similar remarks may be made of 
the brain even of man. There is in man a striking augmentation of brain substance and brain differentiation, but 
there is no breach of structural continuity as between the brain and the spinal cord, and no difference in the nature 
of the nervous matter ; it is a mere question of increase, elaboration, and differentiation. There is, in short, not 
a difference of kind, but only of degree, in nervous matter. The same is to be said of nervous and psychical 
manifestations in the lowest and highest animals. 

If, however, protoplasm can assume every variety of form and movement as apart from a tangible nervous 
system, it requires no great stretch of the imagination to believe that a nervous system, in the absence of a brain, 
discharges the essential functions of a brain ; the brain being simply a more highly developed and elaborated portion 
of the nervous system proper. In the lancelet (Amphioxus lanceolatus), the lowest of the " vertebrates," there is a 
spinal cord but no brain (Goodsir, 1841). 

This line of argument militates against the exclusive possession of intellectual faculties and mind by man ; 
but, on the other hand, it accounts for a large number of facts otherwise inexplicable, namely, the voluntary and, 
it may be, conscious acts of the whole animal series provided with nervous systems, from man downwards. It is 
well known that the monkey, elephant, dog, horse, and a large number of quadrupeds reason. Similar remarks 
may be made of birds, and, within limits, of reptiles, fishes, spiders, ants, bees, &c. In all these cases it is mere 
assumption to assert that the individual is non-conscious. The words instinct, unconscious cerebration, and reflex 
action, do not explain the phenomena witnessed. 

The fact that the insectivorous plants can, by concerted, co-ordinated movements, catch insects, and digest, 
absorb, and assimilate them ; while the Mycetozoa can advance in search of food and retrace its steps and con- 
centrate on food when found, and digest and assimilate it, have further to be explained. Two explanations can 
be given : either the Creator works directly upon and through plants and the lower and higher animals, or all these 
are provided with structures and endowments which, potentially, are equal to all the requirements of life, whether 
these be physical, mental, or psychical. 

The Mycetozoa have been studied to good purpose by Mr. Arthur Lister, who has skilfully summarised our 
knowledge of these interesting forms. He says : — 

" They are characterised by the constant sequence of three main stages in their life history : — 

" 1. The firm-walled spore gives birth to a swarm-cell. 

" 2. The swarm-cells coalesce to form a wandering Plasmodium. 

" 3. The plasmodium ultimately concentrates to form either sporangia, enclosing numerous spores (Endosporeae), 
or sporophores bearing spores on their outer surface (Exosporese). 

" Many species are quite common, and are found on old decaying stumps of trees and fallen branches in moist 
woods and shaded gardens ; others inhabit heaps of dried leaves which have lain undisturbed and become soaked 
with rain. The only stage in which they are conspicuous is that of the sporangia, when they appear as minute 
objects, some roundish, about the size of small mustard seeds, others rising in clusters of brown columns on black, 
hair-like stalks, while many take other characteristic forms. The different species display great variety and beauty 
in the colours they assume, ranging from pure white, golden yellow, bright crimson, and iridescent violet to dark 
purple and black. 

" The various phases in the life history of the group may be described as follows. The swarm-cells emerge from 
the spores as amoeboid bodies ; they soon acquire a flagellum at the anterior end, and creep in a linear form with 
the flagellum extended in advance, or swim in the surrounding water with a dancing motion occasioned by the lashing 
movement of the flagellum. They possess a single nucleus and a contractile vacuole. To a large extent the swarm- 
cells of Mycetozoa feed on bacteria, which are caught by pseudopodia projected from the posterior end of the body. 
The bacteria are conveyed into the body-substance, where they are digested in vacuoles which form round them. 
There may be one or more digestive vacuoles, each containing several bacteria at one time. The swarm-cells rapidly 

1 Mr. Savillc Kent supports the animality view, and traces a connection between the Mycetozoa and the Spongidre ; the resemblance extending 
to the fission or amoebic stage, to the production in both of spores with flagella or cilia of some kind, to the encysted or resting, hibernating 
condition, and to the presence in both of rudimentary skeletons in the shape of horn-like elements or keratose, and spicule-like bodies of carbonate 
of lime. 
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increase in number by biportition. When this takes place the flagellum is first withdrawn, and the swarm-cell 
assumes a globular form ; it then elongates, and a constriction occurs at right angles to the long axis. Meanwhile 
the nucleus is passing through the process of division by karyokinesis, and in the course of a few minutes the two 
halves of the nuclear plate separate and retreat to the opposite ends of the constricted cell, which now divides into 
two ; each segment soon acquires a flagellum, and resumes the former active state. 

" In all cultivations of germinating spores a number of the swarm-cells, after a short time of activity, become 
encysted in a globular form as microcysts. In this state they may remain dry for several days, but on water being 
added the cyst-wall is ruptured and the contents creep out and assume again the motile condition. Frequently the 
entire group of swarm-cells will change to microcysts, and reawaken in the course of two or three days while still 
immersed in water. A few days after the germination of the spores, the process of bipartition, by which the number 
of swarm-cells has greatly increased, ceases. The majority now withdraw the flagellum, and adopt true amoeboid 




Fki. 58. — Illustrates the history of certain British Mycetozoa. 

A. IHdymium difformt. (Duby). a. Spore ; h, swarm-cell escaping from the spore-case ; r, newly hatched swarm-cell containing a 
nucleus and throe vacuoles; d, flagellated swarm-cell; f, swarm-coll, with two vacuoles containing bacteria and produced at the 
posterior end into pseudopodia, to one of which a bacterium is attached ; /, amceboid swarm-cell. Magnified 450 times. 

B. Amauroctuttt aim (Boat), o to /, Successive stages in bipartition of swarm-cell, accompanied by the division of the nucleus 
by karyokinesis. Magnified 800 times. Drawn from stained preparations in Canada balsam. 

C. IHdymium difformt (Duby). Young Plasmodium, with attendant amceboid swarm-cells, some of which have turned into 
microcysts (m); one microcyst is being digested in a vacuole (t>). An empty spore-shell is shown at ». Magnified 300 times. 

D. Badhamia utricular!* (Berk.). Group of nuclei from, actively feeding plasmodium that covered two pilei of Aaricuhrui in 
fourteen hours, showing the irregular size of the nuclei and large nucleoli. Stained in pic re-carmine and mounted in Canada 
balsam. Magnified 800 times. 

E. Badhamia utrieularu (Berk.). Division of nuclei by karyokinesis in the streaming plasmodium. Magnified 800 times. From 
a preparation stained in safranin, and mounted in Canada balsam. 

F. Comatricha ohttuaUt (Freuss). From a stained preparation of a young sporangium, showing the plasmodium separated into 
rounded ma— as about groups of nuclei, which are dividing by karyokinesis ; the nuclear division has reached the " spindle stage." 
The spindles are seen in profile in all cases but one, in which the equatorial plate is seen from one of the poles of the spindle. 
Magnified 800 times. 

movements. These amoeboid bodies collect in clusters, and coalesce to form plasmodia, which may be described 
as masses of naked protoplasm abounding in nuclei and more or less coloured granules. The nuclei at this early 
stage appear to be those of the individual swarm-cells which have fused together. Careful investigations lead to the 
conclusion that the vast multiplication of nuclei which takes place during the growth of the plasmodium results 
from simple division. Apparently one instance only of division by karyokinesis in this stage of the plasmodium 
has been recorded, and of this observation permanent preparations are preserved. As the plasmodium increases 
in bulk by the ingestion of nutritive matter and by the union of small plasmodia, it acquires the remarkable stream- 
ing movement peculiar to itself. It penetrates the substance of dead wood or spreads over the surface of dead 
leaves,' bark, &c., in a network of veins, taking a somewhat fan-shaped outline (Fig. 59, B, C, D, E). Through these 
veins the more fluid matter in the interior streams constantly in a rhythmic flow. The current continues in one 
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direction for a certain period, usually a minute and a half, when it stops, and after a moment's pause reverses its 
course, flowing the opposite way for about the same length of time, but rather longer in the direction in which the 
mass is advancing. 1 It is by this means that the plasmodium creeps forward. The object of the onward move- 
ment appears to be a search for food. If the yellow plasmodium of Badhamia utricular™, which feeds on woody 
fungi, is cultivated on Stereum htrsutum, placed on a plate, and covered with a glass shade, it extends itself over 
the fungus with a turgid advancing border until it has devoured the more delicate hyphse. Having exhausted the 
nutriment, it will spread over the plate and the interior of the glass shade. If it is in sufficient quantity, it will, in 
the course of a couple of days, cover the glass with a net-work of veins over an area of from forty to fifty square 
inches. A piece of fresh Stereum, soaked in water, may now be inserted beneath the shade, allowing it to come in 
contact with one of the smallest veins. In a few hours the whole of the plasmodium will have withdrawn from 
the sides of the shade, and concentrated itself on the fresh food in a dense yellow mass. 




FlO. 59. — A. Sclerotium or dry state of ItntUuimiii utricular/; x 4. Illustrates the resting, inactive condition of the plant. 

B to E. Plasmodium of Bttdkitmw Utriruiitrit. Shows advance of plasmodium on section of stem of Aijarieu* melleiii. B, drawn 
at 12.25 p.m. ; 0. at 12.40 p.m. : D, at 1 p.m.; and B, at 2 p.m., x3i. 

F. Young spores of llndhnmio utricular**, showing amoeboid movement ; the lower spore at right hand of figure changing its 
shape in the course of a few minutes to that seen at extreme left of figure, x 565. 

G. Vegetable substance dissolved by plasmodium of Bmihamin vtneulnrin diminishing in size from left to right of figure, taken 
at intervals of about a quarter of an hour, x 250 (after Lister). 



" The most remarkable activity of plasmodium hitherto witnessed was caused by a supply of Stereum provided 
in a glass box. 

" There was at first, as not unfrequently happens, a shrinking backwards of the margin of the network of plas- 
modium, as if notice of the presence of a food-supply had been sent off to the more distant parts ; then came on 
a quick stream of plasmodium, and in a quarter of an hour the whole side of the glass box was being covered with 
astonishing rapidity. The wide' meshwork was not sufficient to conduct the abundant supply, and fresh veins started 
off in all directions, cutting up the broad meshes. At one time the current along them all was so precipitate that 
it was not possible to follow the course of the particles ; they rushed across the field of the microscope at a speed 
that was truly amazing. 

" It was a sight not soon to be forgotten ; the marvellous exhibition of such active life in so low an organism 
was most impressive. 

1 Tliew tu and fni movement* oii'iir ulso in a innsideraUr number of plants, and in the circulation of the Icoi-li, Jiolyp, and other low animal farms. 
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" The length of time during which the Plasmodium will continue to feed and increase in bulk before changing 
into sporangia differs according to the species, and also to the conditions of its surroundings. Pkysantm pstt- 
tacinum, which inhabits the rotten stumps of old trees, appears to pass twelve months in the plasmodium stage ; 
on the other hand, Didymium difforme will go through the several stages from germination of the spores to the 
formation of the sporangia in a fortnight. 

" The plasmodium, if allowed to dry, passes into the sclerotium or resting stage (Fig. 59, A). The sclerotium 
of Badhamia utriculari* is dull orange-red in colour, of homy consistence, and made up of a multitude of thin-walled 
cysts closely packed together ; each cyst being filled with granular protoplasm, among which ten to twenty nuclei 
are interspersed. On being wetted the sclerotium will revive in the course of a few hours and resume the streaming 
movement. Preserved in a dry state, it will retain its vitality for three or four years, but it is longer in reviving 
according to the length of time it has remained in the resting condition. 

" Carbonate of lime is usually abundant in the plasmodium and young sporangia of the species comprised in 
the sub-cohort Calcarineie. In most genera of the order Physaracf.iv these granules are withdrawn from the plasma 
before the spores are formed, and are deposited partly in the sporangium-wall, 
and partly in vesicular expansions of the capillitium. These expansions take 
various shapes : they are globose, fusiform, or branched, and are sometimes fused 
together in the centre of the sporangium, forming a •pseudo-columeSa. In the 
descriptions of the species they are termed lime -knots. In the Didymiacem the 
granules in the young sporangia are dissolved at a certain stage, and the salt 
forms again in crystals on the outside of the wall. 

" The sub-class Exosporem is represented by the single genus Ceratiomyxa 
(Pig. 60, A to H), and is characterised by the numerous white spores being borne 
on the outside of columnar or branching sporophores. These are delicate, fragile 
structures, often covering two or three square inches of the dead wood on which 
they grow. The surface of the sporophore is mapped out into polyhedral areola), 
from the centre of each of which arises a slender stalk bearing a single ellipsoid 
spore. On placing the ripe spores in water, the membranous spore-wall at once 
slips off, and the naked contents lie for several hours without apparent change, 
retaining their ellipsoid form. A constriction then takes place at right angles 
to the long axis, and before division is completed a second constriction of each 

half occurs ; each of the four lobes thus formed again becomes constricted, and escaping from tile spore- will. C 
we have eight globular bodies adhering together and exhibiting slow amceboid Sa ^ a ' v<> st fK es jj . the d i yi "™ 11 of the r 
movement ; each of these bodies now produces a flagellum, and the cluster swims eight nrarni -cells. Magnified boo times. 
away by the aid of the lashing flagella. 

" Experiment shows that, whatever may be the digestive principle of plasmodium (possibly a peptonising 
ferment, as suggested by Rrukenberg), it is not confined to any special part of the mass. With starch and the 
sections of agarics the absorption took place in the streaming interior, while in the case last related it occurred in 
the hyaloplasm alone ; the threads were completely dissolved in the hyaline margin, with the exception of the 
small fragments referred to, which were kept under constant observation until they were almost ejected by the 
far-retreating plasmodium." 1 

The movements of Badhamia utricular**, especially the advancing movements, afford a striking example of the 
aggressive nature of life. Living plants and animals continually and habitually project themselves against objects 
which they incorporate and ultimately assimilate ; a due selection of objects being in every case made. The 
objects approached, incorporated, and assimilated, being for the most part dead, cannot assume an active role. 
It is, in every instance, the prerogative of the living thing to advance, and it does so, in all cases, as an invader. The 
plasmodium of Badhamia advances, and in so doing it exerts what is virtually a pushing, elongating, dilating, and 
centrifugal power : it also recedes, and when falling back it pulls itself together and exerts a pulling, shortening, 
contracting, and centripetal power. These two movements, which are complemental, are fundamental and indis- 
pensable in all living things. They occur in the substance of the amceba, in paeudopodia, and in the voluntary and 
involuntary muscles ; these substances being invested, as I long ago explained, 1 with the double power of elongating 
and shortening, and being very largely concerned in seizing and dismissing food and other materials in the economy 
of the individual ; they occur in the respiratory, circulatory, and other rhythmic movements, of which they form 

1 "Notes on the Plasmodium of Badhamia ulricidaris and Brrfeldia maxima. Cuide to the British Mycetozoa." London, 1895. 8ee 
t\m Annals of Botany for June 188S. 

•'"On the Physiology of the Circulation in Plants, in the Lower Animals, and in Man." from pages 184 to 243 inclusive, Macmillan k Co., 
- London, 1874';' originally published in the Edinburgh Mtdieal Journal in 1872. 




304 DESIGN IN NATURE 

the distinguishing feature ; they are the counterparts of endosmose and exosmose, and of all the give-and-take 
movements, which are necessary to absorption and assimilation, to secretion and excretion. They are the 
ways and means which enable plants and animals to take in their natural pabulum, whether solids, liquids, or 
gases, and to give out the detritus or waste products, which are a consequence of every form of metabolism 
in living things. 

When the mass of plasmodium advances and retires it is permeated by a large number of active, branching 
streams ; the currents of which are, in many cases, extremely rapid. The currents of the larger streams are 
swifter than those of the smaller ones. When any stream meets with an obstruction which it cannot remove, col- 
lateral streams are at once established, which impresses one with the idea that the streams are under control, and 
can be increased and diminished at pleasure. They apparently can also be quickened and slowed. The collateral 
streams resemble those which follow the ligature or obstruction of an artery. The appearance presented by the 
streams and currents in question reminds us of analogous currents witnessed in growing tissues, where branching 
vessels, the result of cell formation and absorption, appear in suitable positions in definite areas. 

Examples of these currents and formations are seen in the developing ovum, chick, bone, Ac. 

This is a subject fraught with great interest, as the stream formations of plasmodium are vital and purposive, 
like the streams of blood and other fluids in young tissues. They are also dendritic in character ; the dendritic 
arrangement not being confined to the organic kingdom, but extending to the inorganic kingdom. As a matter 
of fact, the dendritic arrangements and formations may be the outcome of either vital or physical force. The 
dendritic streams of plasmodium, the branching streams of fluids in plants and animals (with or without vessels), 
and the dendritic flow of nerve impulses in branching nerve cells are essentially vital in their nature ; the dendritics 
of lightning and of frost on window-panes, pavements, &c., being, on the other hand, purely physical. As has been 
already explained, the living and dead are inextricably blended, and life can only work through death and dead 
material. Moreover, and as already stated, when living matter appropriates dead matter it also appropriates, within 
limits, the force which inheres in the appropriated matter, so that there is a certain degree of " oneness " in the 
forms and movements of organic and inorganic matter. 

This explains, to a large extent, the symmetry of structure which prevails in plants and animals and in many 
inorganic forms. 

The curious and striking phenomena exhibited by the plasmodium of Badhamia ulricularis can be most con- 
veniently studied by cultivating portions of the organism in glass cases and beneath bell jars, as under these circum- 
stances the specimens can be examined at all times by the naked eye or by the aid of the microscope. They can 
also be voluntarily thrown into the inactive, resting or sclerotium stage, or into the advancing, aggressive, active stage. 

It is a surprising fact that an organism composed largely of protoplasm with an admixture of cells, nuclei, 
and nucleoli and no well-defined structure, can exhibit such a variety of movements and discharge such a multi- 
plicity of functions ; and, it appears to me, the time has now come when fresh and exhaustive studies of life in 
its most rudimentary and lowest forms must be made, if life in its highest manifestations is to be intelligently 
estimated. That masses of living material, large or small, protoplasmic or otherwise, should display amoeboid and 
rhythmic movements, should wake and sleep or hibernate, should feed and discharge waste products at intervals, 
should virtually secrete and excrete, should reproduce and perpetuate themselves, and, in a way, discharge all the 
functions discharged by the highest animals, are matters of primary importance in every form of biological and 
physiological inquiry. 

As a matter of fact, the higher plants and animals are, numerically, exceedingly small as compared with the 
teeming millions of lower plant and animal forms everywhere met with — animalcules, bacteria, microbes, &c., &c. 
In all of these, living matter and function and the potentialities of both can be witnessed and studied. The amount 
of life on the earth is incredibly great, but life does not exist as apart from structure and function ; differentiation 
occurring in both until man is reached. Without the potentialities of living matter no progress could be made 
either as regards structure or function ; hence the absolute necessity for studying living matter in its simplest forms 
and most incipient beginnings. 

The difficulties connected with this subject are well-nigh insuperable, alike because of the number and 
minuteness of the organisms to be investigated. To take one example. Microbes in malaria and other fevers 
swarm in the blood and actually inhabit the red blood-corpuscles, which corpuscles in man are so minute that they 
only measure from aAu to t ^Vit of an inch in diameter. The number of microscopic living things in the air, 
the water, and the soil is legion. 

In these the very mainsprings of existence are concealed. In plants and the lower and lowest animals are 
stored up in a latent or potential form the undefined structures and functions which characterise the highest animals, 
man included. In the highest animals we are called upon to deal with well-defined, differentiated structures in 
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great variety ; in the lowest animals it is difficult or impossible to trace differentiation, but it cannot be doubted 
that it exists. 

The fact that the simplest living forms and the ovum are heterogeneous goes far to prove that differentiation 
of a kind occurs in every department of the organic kingdom, and from the first. Without differentiation, potential 
or actual, no advance whatever could be made in the development of even the simplest living form, and differentia- 
tion, which means division of labour in particular directions and to given ends, goes on through the whole animal 
series up to man himself. The point here raised is not one of words but of actual fact. In the lowest plants and 
animals, differentiation of a kind is always present. There is always a sufficient amount for the perfect adaptation 
of the plant and the animal to their surroundings. There is in them a potential epitome of life. They live, can 
reproduce themselves, take in food, discharge effete matter, circulate and aerate their nutritious juices, respire, 
secrete and excrete, &c. By far the greater number of the functions performed by the highest animals are performed 
by the lowest. It, however, does not follow that the higher and highest animals are manufactured by a process 
of evolution out of the lower and lowest. On the contrary, each animal only reproduces its kind. The lowest 
plants and animals are apparently inextricably mixed up, but this causes no confusion, as law, order, and design 
everywhere prevail. The means of classification are also assured. As plants and animals only reproduce their kind, 
so they are arranged according to types and in an ascending series ; a state of matters which admits of improve- 
ment up to a point, but does not result in the obliteration, sooner or later, of species, genera, and families, which are 
persistent to an almost incredible extent. 

The peculiarities of the lowest plants and animals, in one sense, lie on the surface ; in another and wider sense, 
they are studiously concealed, and require for their expiscation the aid of experience, and an extensive knowledge 
not only of particular groups but also of the groups as a whole. The wider the knowledge, the safer the deductions. 
In the borderland occupied by the lowest plants and animals, the intricate path has to be threaded with great care. 
As explained in the early part of this work, there is a visible and an invisible world — a world of causes and a world 
of effects. In the visible and invisible, the realms of plants and animals must also be included, as in them cause and 
effect have free play. 

There is nothing in the highest plants and animals which does not have its roots in the apparently undifferen- 
tiated protoplasm of the lowest plants and animals. The prevailing view is that in plant and animal protoplasm there 
is no differentiation, and that the process of building up a plant or an animal begins by a division or splitting up of 
the so-called homogeneous protoplasm (ovum or otherwise). This cannot be regarded as a full, final, or satisfactory 
explanation. The question remains : What causes the primary division alluded to ? This is not an accidental 
process. It occurs at a given period, and always in the same way. The effect is obvious ; the cause is, so far, in- 
explicable. If we were to seek for the cause in an apparently homogeneous impregnated ovum we would have 
nothing tangible to show. The cause, like other causes, belongs to the invisible world. It is not, however, doubtful 
that a cause exists. What is said of the original cleavage of the ovum applies to all subsequent cleavages which 
result in differentiation. It is maintained by the great majority of biologists and physiologists of the present 
day that the original cleavage is followed by subsequent cleavages of greater or less magnitude ; each cleavage 
inaugurating a progressive series of changes, which result in the development and final completion of the plant and 
animal respectively. But (and this is the crucial point) none of the subsequent cleavages and changes have any better 
explanation to give of themselves than had the original cleavage, which, as explained, is altogether inscrutable. 
Differentiation in plants and animal textures is based on a hypothesis, and that hypothesis fails to explain the most 
important fact connected with reproduction and the earliest stages of development. It is easy to say that the ovum 
is homogeneous (I believe it to be heterogeneous), that it spontaneously divides, that a set of primary changes is 
induced which begets a second set, that the second set begets a third set, and that any changes which occur in 
it are self-induced. 

All this is beside the question. An answer has still to be given to the query, Who or what begins the 
division and the differentiation ? It is denied that the impregnated ovum is a microcosm, but it cannot be shown 
that one differentiation leads to or produces another. There must be a Power outside or beyond the ovum, and 
that Power represents design and the very essence of wisdom. It is present at the inception of every plant and 
animal, and is the major factor in the life history of everything that exists. 

Design, and design alone, can satisfactorily explain all that comes under reproduction, development, and life. 

It would be difficult to find more illustrative examples of lusty life in a low organism than are furnished by 
Badhamia utricularis and Brefeldia maxima. 

A consideration of these strange plant-animals throws a strong light on the so-called vegetative processes 
in the higher animals, man included. Their workings and manifestations are all vital in their nature. They are 
also fundamental and independent. Their movements (rhythmic and amoebic) are inherent ; their modes of throwing 
vol. I. 2 Q 
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themselves upon food, and of seizing, digesting, absorbing, and assimilating it, are in no sense the result of 
irritation, of stimulation, or of accident. All that can be said is, that they are living entities, and move to given 
ends ; these ends being (within limits) pre -determined. Similar remarks may be made of all plants and animals. 
They are, to a large extent, superior to their surroundings and environment ; they are (when normal) in no instance 
jogged into activity by what are known as irritability and stimuli ; neither do they owe their existence to a fortuitous 
aggregation of accidental parts and particles (spontaneous generation), as apart from law, order, design, and pre- 
existent parents. 

Examples of low parasitic forms as they occur in various diseases are given at Figs, til and 62, and specimens 
of rudimentary plants and animals are delineated at Plates lxxix., Ixxx., Ixxxi.. and Ixxxii. 
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B. A flagellated organism, derived outside the body from a. cresceiitic form. 




:p-, 






0, 






^^ 



0* 






r*PT*73 



s' 



id 



i 



Flu. (ii- Illustrates various forms -d-ittud. r.>.l-shrt|.,.. 
Magnified 1»<>0 diametera (after Mnir and Itih-hivl. 
A. Streptococci of acute suppuration. 
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PLATE LXXX 

Plate lxxx. illustrates radiating, concentric, spherical, branching, spiral, and segmented arrangements ii 
rudimentary animal forms. 

Flo. 1. — Amozba proteus, as seen under varying conditions of size and shape (A to J), magnified from 400 to 800 diameter? 
(after Masterman, and Marshall and Hurst). 

A. Amoeba in the encysted state, composed mainly of granular and clear sarcode ; c, contractile vesicle ; d t nucleus. It 
contains an oval-shaped diatom. 

B to J. Different shapes assumed by larger and smaller amoebae. In these figures the contractile vesicle is seen at c ; the 
nucleus at d, and the finger-like projections at e. The projections, sometimes designated pseudopodia, are for the most part conical 
in shape, as seen at C, D, F, G, H, and I. They are caused by the animal voluntarily forcing a part of its body outwards from the 
centre centrif ugally. They are retracted in an opposite direction or centripetally. They are not due to contractions : if they were, 
the projections would not be conical- shaped but constricted where united to the body. In reality, they are produced by an 
aggressive, streaming, rhythmic movement similar to what occurs in the Plasmodium of the Mycetozoa and Gromia already 
described. 

At £, the body (a) of an amoeba is stretched over a large diatom (b). 

At J, the varying forms assumed by a small amoeba, at intervals of half a minute, are given. 

Fig. 2. — Foraminifera magnified showing radiating and branched movements in the living sarcode (a, ft, <-). These movement! 
represent lines of force which act in two directions — namely, centrifugally when the sarcode is extended from the mouth of the shell 
or through the perforations in the shell into the water to secure food ; and centripetally when the sarcode is retracted anc 
carries the food into the body through the mouth of the shell or the perforations in the shell referred to. These movements arc 
due to vital streaming, as in the Mycetozoa, and are rhythmical in character. They are give and take, come and go, alternating 
movements, and are voluntary and of set purpose ; the purpose being the securing of nourishment. They are, in no sense, the 
result of irritability or extraneous stimulation. 

A. Nonionina silicea. 

B. Globigerina bidloidcs (var. triloba). 

C. Miliolina — young specimen (after Chapman). 

Fig. 3. — Polystomella, one of the perforate foraminifera, magnified (after Max Schultze). 

Provides beautiful examples of radiating, branched, and reticulated movements in the living sarcode (pseudopodia), by whicr 
food is caught and carried into the interior of the body. The sarcode streams through small apertures in the shell of the anima 
centrifugally and centripetally. It would be difficult to conceive a more delicate and perfect arrangement for securing food wher 
its minute and fragile nature is taken into account. Some of the captured food is seen entangled in the meshes formed by the semi* 
fluid sarcode. This foraminifer, like the others already described (Fig. 8, Plate lxxix.), is endowed with voluntary, centrifugal, anc 
centripetal, rhythmic movements whereby it can extend its sensitive living substance into the water in search of food, and retract oi 
withdraw it into the body as soon as the food is secured. The streaming movements of the sarcode can be timed and regulate* 
by the animal with the greatest nicety. The movements cannot be traced either to contractility, irritability, or extraneoui 
stimulation. 

Fig. 4. — Part of the axis of his hippuris, a form of polyp inhabiting the Indian seas. The axis consists of calcareous joint 
pieced together by horny rings. Shows segmented, radiating, branched arrangements. 

Fig. 5. — Three polyps of red coral in various stages of expansion (after Lacaze-Duthiers). Illustrate radiating, expanding 
dilating arrangements, as seen in many flowers, and in the hollow viscera of animals, particularly the heart. The expansion anc 
closing movements are voluntary and time regulated — that is, they occur at certain intervals and in a given order. They an 
essentially rhythmic in character, and are means to ends. The coral feeds when its polyps are expanded, and rests when they an 
retracted and closed. The expanding or opening centrifugal, and the retracting or closing centripetal, movements are inherent vita 
movements, and take place as apart from irritability and external stimulation. 

PLATE LXXXI 

Plate lxxxi. shows rudimentary animal forms. Illustrates radiating, concentric, branching, spiral, and segmentec 
arrangements. 

Fig. 1. — Bed coral " blossoming " (after Lacaze-Duthiers). In this case the polyps are more or less fully expanded. The] 
present a stellate, flower-like, symmetrical appearance. They also resemble certain crystals. The coral, as here depicted, is si 
object of great beauty; the solid substance or skeleton of the coral contrasting finely with its delicate filmy-looking polyps. Wha 
is said of Fig. 5 applies also to this figure. 

Fig. 2. — Pentacrinoid larva of the rosy feather star (Antedou bifida) — a kind of star- fish resembling in the young conditio! 
the beautiful sea lilies (after Herbert Carpenter). The larva is provided with a long flexible stalk formed of calcareous cylinder! 
In the mature state the stalk is abandoned, and the star-fish creeps freely about the bottom. The body is provided with beautifu 
slender curled arms, furnished with elegant jointed cirri, by the aid of which and the short ambulacra they secure their food. 

Fig. 3. — Obelia — genus Campanulariidte (Hydroza) ; reproduces itself by free medusiform zooids. 

A. OMia greatly enlarged (after Parker and Has well). 

B, C. Meduste of Obelia. 

D. The same everted. a t Common body tissue ; />, ectoderm ; r, endoderm ; d y stomach ; e, generative capsules ; /, horny cups 
a (C), lithocyst ; h (A), medusa bud ; / (B, C, D), manubrium ; .; (A), three feeding polyps ; k (C), radial canal ; / (D), tentacle ; m [C] 
velum. 

Fig. 4. — Cydippr ptttimisa about twice the natural size (after Chun). Minute form of jelly-fish ; resembles a small globe o 
transparent glass, from which proceed two long elegant sensitive tentacles or streamers. It is one of the most beautiful au» 
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PLATE LXXXI (continued) 

active little objects found in the sea. It swims by the aid of cilia ; its movements being steadied by the two tentacles which bear 
small branches covered with spirally stalked adhesive cells. 

Fig. 5. — Branchlet of Strtularia abietina — magnified (Guide-Book, British Museum), a, Polyp; />, reproductive capsule. 
Illustrates radiating, globular, and branched arrangements. 

Fig. 6. — A group of Vorticell® magnified 220 diameters (after Marshall and Hurst). 

A, B, C. Show the animal in various positions. 

D. A much smaller specimen drawn to the same scale. 

E. A specimen made to contract by the action of alcohol. 

F. A specimen detached from its stalk and swimming away freely, disc forward. 

G. H, I. Illustrate three stages of fission. 

J, K, L. Show the separated individual swimming by means of the aboral circle of cilia — K being slightly contracted, and L 
strongly contracted. a y Food-vacuole discharging contents at anus ; />, aboral cilia ; c> cilia of the disc ; cf 9 contractile fibres of the 
stalk ; d, disc ; rf', disc retracted ; /r, food vacuoli ; ph, pharynx ; y/r, pulsating vacuole ; p, peristoma ; m, myophan striatum ; 
7i, nucleus ; v, vestibule. 

The Vorticellse are remarkable for their beautiful spiral stems and cilia, and the rapidity and grace of their movements. They 
retract and shorten their stems spirally and suddenly, and elongate them, in similar fashion, slowly. The cilia of the cup-shaped 
discs are continually in motion, and convey the idea of rotation. The movements of the stems and cilia are voluntary and under 
perfect control, as any one may readily satisfy himself by careful microscopic examination. The movements are necessary to secure 
food. They are essentially centrifugal and centripetal, give and take, rhythmic movements. 

PLATE LXXXII 

Plate lxxxii. shows red and white blood-corpuscles (human) invaded by disease germs ; also rudimentary 
animal forms. Illustrates spherical, concentric, radiating, branching, segmented, and spiral arrangements. 

Fig. 1. — Diseased condition of the red and white blood-corpuscles in malaria in native children on the west coast of Africa, 
magnified 1250 diameters (after Stephens and Christophers). 

A. Young form of gamete in red blood-corpuscle. 

B, C, D. Older forms of the same. 

E. Macrogamete in red blood-corpuscle. 

F. Microgametocyte, ditto. 

G. H. Macrogametes showing punctation of red blood-cells in which they are situated. 
I, J, K. Types of pigmented leucocytes or white blood-cells met with in native children. 

Fig. 2. — Hydra — a small fresh-water animal found in ponds, ditches, and also running streams ; named for its power of recover- 
ing from injury — the mutilated parts becoming perfect animals. 

A. Hydra or pond weed, natural size. 

B. Section of hydra, greatly magnified, a, Mouth ; ft, stomach ; r, ectoderm ; d, endoderm ; e, /, buds ; g 9 ovary ; h, spermary ; 
i, thread cells (after Parker and Has well). 

C. Thread cell, highly magnified (after F. E. Schultze). 

Fig. 3. — Types of Protozoa — Gymnomyxn. 

A. Vampyrella ; B. Mycetozoa ; C. Amceba ; D. Arcella ; E. Labyrynthula ; F. Actinophrys ; G. Miliolina ; H. Haliomma 
(after Chapman). 

Fig. 4. — Types of Protozoa— CorticaUt. 

A. Gregarina ; B. Monas; C. Noctiluca ; D. Vorticella ; E. Podophrya ; F. Ceratium (after Chapman). 
The Protozoa ( Figs. 3 and 4) illustrate radiating, concentric, and branching arrangements. 

Fig. 5. — Vorticella nehtdifera, magnified 100 diameters (after Griffith and Henfrey). Shows the spiral arrangements of the 
stem by which the animal cautiously and leisurely advances its ciliated bell-shaped body in search of food, and suddenly retracts 
the same when surprised or alarmed. The mechanism of the spiral stem is a marvel in its way, and thoroughly under control. 

Fig. 6. — Joint of stem of AutmnvUiria mitenmMi, magnified (after Allman). a, Polyp; b, nematophore ; c, reproductive cap- 
sule. Shows radiating, branched, and segmented arrangements. 

§ 58. Protoplasmic, Amoebic, Muscular, and other Movements. 

In order to obtain an adequate conception of the movements which occur in plants and animals it is necessary 
to take a wide survey and to study carefully those seen in rudimentary organic substances and structures, such 
as spores, spermatozoa, plant and animal protoplasm, pseudopodia, cilia, white blood-corpuscles, the sarcous 
elements of muscles, the Amoeba, Gromia, Paramecium, Zooids, &c. The movements of the sarcous elements are 
especially interesting from their obvious bearing on the respiration, circulation, alimentation, and locomotion in 
the higher animals. 

Motion is one of the characteristics of matter organic and inorganic alike. Of rest, strictly speaking, the uni- 
verse furnishes no examples. Everything is in motion from the scarcely visible molecule to the great heavenly 
bodies wheeling freely in space. 
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Mr. (afterwards Mr. Justice) Grove, in his admirable work on the " Correlation of the Physical Forces," thus 
puts it : " All matter, as far as we can ascertain, is ever in movement, not merely in masses, as with the planetary 
spheres, but also molecularly, or throughout its most intimate structure. . . . Matter and force are correlates in the 
strictest sense of the word ; the conception of the existence of the one involves the conception of the existence 
of the other ; the quantity of matter, again, and the degree of force, involve conceptions of space and time. . . . 
Motion will directly produce heat ; and electricity, being produced by it, will produce magnetism — a force which 
is always developed by electrical currents at rigid angles to the direction of those currents. . . . Pliicker has recently 
succeeded in showing that crystalline bodies are definitely affected by magnetism, and take a position in relation to 
the lines of magnetic force dependent upon their optical axis or axiB of symmetry. . . . The Bame principles and 
mode of reasoning might be applied to the organic as well as the inorganic ; and force, animal and vegetable heat, 
&c., might, and at some time will, be shown to have similar definite correlations. . . . From Professor Matteucci's 
experiments it appears that whatever mode of force it be which is propagated along the nervous filaments, this 
mode of force is definitely affected by currents of electricity." 

From the foregoing it will be evident that motion is a characteristic of all bodies, animate and inanimate. It 
will therefore occasion no surprise if I lay it down as an axiom that the most rudimentary plants and animals move 
in all their particles and parts, and that what is true of the lowest plants and animals is equally true of the highest. 
Everything that lives grows and has a life history, and the fundamental 
feature of growth is movement. Movement is essentially of two kinds. 
There is a movement of the atoms and molecules primarily concerned in 
growth and development, which, being unseen, is to be regarded as 
invisible movement, that is, movement not recognisable by the unaided 
eye ; and there is a movement of plants and animals, and parts thereof, 
which, being seen, with or without the microscope, may not inaptly be 
designated visible motion. It is the latter form of motion I propose to 
discuss here. The difference between visible and invisible motion may 
be explained as follows. When motion ceases to be visible, that is, when 
moving masses strike against each other and apparently stand still, motion 
is re-developed in the shape of heat, which is invisible motion. In the 
steam-engine, for example, the piston and all its concomitant masses of 
matter are moved by the molecular dilatation of the vapour of the water, 
the movement of the molecules being imperceptible. If homogeneous 
substances come together, heat alone is generated ; but if homogeneous 
and heterogeneous substances come together, electricity is produced ; and 
some have thought that, whereas the contents of vegetable cells are 
heterogeneous, and the saps presented to them are nearly if not quite 
homogeneous, electricity takes part in the circulation in plants. 
The microscope becomes a necessity when dealing with minute masses of living matter such as are met with in 
protoplasm, cells, tissues, low vegetable and animal forms, Ate. 

Darwin has described and figured vegetable protoplasm moving and assuming a great variety of shapes. 1 
Thus, when speaking of the aggregation of the cell contents of the glands and tenacles of Drosera rotundifolia, be 
says : " By whatever cause the process may have been excited, it commences within the glands, and then travels 
down the tentacles. It can be observed much more distinctly in the upper cells of the pedicels than within the 
glands, as these are somewhat opaque. The little masses of aggregated matter are of the most diversified shapes, 
often spherical or oval, sometimes much elongated, or quite irregular, with thread or necklace-like or club-formed 
projections. They consist of thick, apparently viscid matter, which in the exterior tentacles is of a purpbah, and 
in the short discal tentacles of a greenish, colour. These little masses incessantly change their forms and positions, 
being never at rest. A single mass will often separate into two, which afterwards reunite. Their movements are 
rather slow, and resemble those of amoebse or of the white corpuscles of the blood. We may, therefore, conclude 
that they consist of protoplasm. If their shapes are sketched at intervals of a few minutes, they are invariably seen 
to have undergone great changes of form ; and the same cell has been observed for several hours. Eight rude, 
though accurate sketches of the same cell, made at intervals of two minutes or three minutes, illustrate some 
of the simpler and commonest changes (Fig. 63). 

" The cell A, when first sketched, included two oval masses of purple protoplasm touching each other. These 
became separate, as shown at B, and then re-united, as at C. After the next interval a very common appearance 
• " Insectivorous Plants," by Charles Darwin, M.A., F.R.S., kc. London, 1875, jip, 39 to 42. 
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was presented as at D, namely, the formation of an extremely minute sphere at one end of an elongated mass. This 
rapidly increased in sue, as shown in E, and was then re-absorbed, as at F, by which time another sphere had been 
formed at the opposite end." 

The cell figured above was from a tentacle of a dark red leaf, which had caught a small moth and was 
examined by the aid of the microscope under water. Similar movements were witnessed by Darwin in a 
specimen not immersed. Thus he states : " I placed a fly on a leaf, and when after eighteen hours all the tentacles 
were well inflected, these were examined without being immersed in water. The cell here represented (Fig. 64) was 
from this leaf, being sketched eight times in the course of fifteen minutes. These sketches exhibit some of the more 
remarkable changes which the protoplasm undergoes. At first there was, at the base of the cell 1, a little mass on 
a short footstalk, and a larger mass near the upper end, and these seemed quite 
separate. Nevertheless, they may have been connected by a fine and invisible 
thread of protoplasm, for on two other occasions, whilst one mass was rapidly in- 
creasing, and another in the same cell rapidly decreasing, I was able, by varying 
the light and using a high power, to detect a connecting thread of extreme tenuity, 
which evidently served as the channel of communication between the two. On 
the other hand, such connecting threads are sometimes seen to break, and their 
extremities then quickly become club-headed. The other sketches in Fig. 64 
show the forms successively assumed. Shortly after the purple fluid within the 
cells has become aggregated, the little masses float about in a colourless or almost 
colourless fluid, and the layer of white granular protoplasm which flows along the 
walls can now be seen much more distinctly. The stream flows at an irregular 
rate, up one wall and down the opposite one, generally at a slower rate across the 
narrow ends of the elongated cells, and so round and round. But the current 
sometimes ceases. The movement is often in waves, and their crests sometimes 
stretch almost across the whole width of the cell, and then Bink down again. 
Small spheres of protoplasm, apparently quite free, are often driven by the current 
round the cells ; and filaments attached to the central mass are swayed to and fro, 
as if struggling to escape. Altogether, one of these cells, with the ever-changing 
central masses, and with the layer of protoplasm flowing round the walls, presents a 
wonderful scene of vital activity." 

Professor Julius von Sachs gives an interesting representation of the movements 
of protoplasm in the middle cell of the hair of a gourd (Fig. 65). 

The protoplasm appears as a finely punctuated mass in which are seen larger 
bodies, especially chlorophyll granules which contain starch, and, in one case, a 
small crystal of oxalate of lime. The movements of the protoplasm are made 
more apparent by the presence of the bodies referred to. The streaming of the 
protoplasm gives rise to a beautiful network, which is at once striking and 

characteristic. „ „, T , , . • , 

. . , F10. 65. — Longitudinal section or 

Darwin, in his account of protoplasmic movements, refers not only to the the middle pell of a hair of the Gourd 
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starch in their substance) ; rf, a crys- 
tal being hurried along (after Sachs). 



the cell contents. 

As regards the former, protoplasm may be said to move and change shape 
(a) By division and reunion. 

(6) By an advance of its molecules in a particular direction. 
(c) By a retraction of its molecules in an opposite direction. 

In the former case it exerts a pushing force, and in the latter a pulling force. Similar powers are possessed by 
muscles and their sarcous elements. 

In these various movements the volume or quantity of protoplasm remains the same. Change of shape 
does not imply increase or diminution of bulk. The movements of protoplasm are inherent vital movements. 
They are also independent movements, and are not the result of irritability or external stimulation. Neither are 
they, to any extent, the product of elasticity. While elasticity is a property peculiar to all bodies, organic and 
inorganic, it plays quite a subordinate part in vital movements and manifestations — indeed the influence exerted 
by it is, in the majority of cases, so trifling that it may almost be disregarded. It is the life which inaugurates, 
regulates, and terminates all movement in plants and animals ; the life acting as a prime mover and not delegating 
its work, to any appreciable extent, to elastic materials and properties which it must evoke and control. 
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Elasticity can only come into play when the substance which exhibits it is put upon the stretch or is crushed 
up, and this stretching out and crushing up in plant and animal movements is, in every instance, due to a vital 
operation. Elasticity cannot act of itself, and when it is made to act, it acts by recoil and produces a jerky move- 
ment ; but (and this is the curious thing) when jerky movements are witnessed in plants and animals they are 
caused not by elasticity, but by life ; for example, by the sudden contracting of living cells and hollow viscera, 
with a view generally to the propulsion of fluids, and by the energetic contraction of muscles, with a view to pro- 
ducing movements in the travelling organs or other parts of the body. The sudden movements referred to are 
vital movements ; movements to a given end and for a purpose. Elasticity, when evoked by life, is always 
under control, and it is a mistake to assign to it anything but the most subordinate role in plant and animal 
physics. One has only to watch the movements of protoplasm, of the white blood-corpuscles, of the amoeba, the 
sarcous elements of muscles, &c, to be convinced of this. It is an error to suppose that vital movements are only 
manifested by contractions, and by elasticity as a counter-acting force. The vital movements are numerous and 
various : pushing or elongating movements, pulling or shortening movements, contracting or closing movements, 
expanding or opening movements, spiral movements, Ac. The pushing, elongating, opening movements are centri- 
fugal in their nature ; the shortening, contracting, closing movements being centripetal. The terms centrifugal 
and centripetal are employed in relation to the central portions of the substance exhibiting the movements. The 
movements in the living mass, as a rule, spread from and return to a given point ; that point, for the most part, 
corresponding with the position of rest. That living protoplasm can advance and retire as apart from contraction 
and its supposed counter-acting force of elasticity, is proved by the movements of climbing, sensitive, and insectivorous 
plants ; by the advance of the plasmodium of Badhamia utricularis ; by the amoebic movements of the white blood- 
corpuscles ; by the movements of the amoeba, and by the streaming of the pseudopodia of Gromia, and the 
Foraminifera generally. The plasmodium of Badhamia utricularis when feeding advances as a wedge-shaped mass, 
no trace of contraction being anywhere observable. The white blood -corpuscles when forcing themselves through 
the walls of the capillary blood-vessels, as I have satisfied myself by careful microscopic examination, invariably 
throw out a knuckle or wedge of their substance, the thin end of which perforates the vessels. When the 
corpuscles have in part forced a passage, they draw or pull the remainder of their substance through the capillary 
walls, where they assume their original shape. Similarly, the amoeba invariably moves by projecting one or more 
wedge-shaped portions of its substance — the substance streaming towards the apex of the moving wedge or 
wedges. The amoeba extends its substance in the direction of travel, and, in a sense, pushes itself forward by 
a centrifugal movement. There is no constriction in the advancing mass to indicate contraction of any kind, 
and no trace of elasticity can be detected. The advancing mass deliberately — that is, voluntarily — thrusts itself 
forward in an aggressive manner. The white blood-corpuscles and the amoeba exhibit both centrifugal and 
centripetal movements. 

The movements of pseudopodia as seen in Gromia are also centrifugal and centripetal in character ; when Gromia 
is searching for food, it extrudes its protoplasm or body substance voluntarily in continuous streams in more or less 
straight lines. When prey is caught the protoplasm is voluntarily and suddenly drawn towards and into the central 
mass. The outward centrifugal movement is a vital, non-elastic, advancing, aggressive movement made in search 
of food ; the inward, centripetal, retreating, non-aggressive movement (also vital) represents the remaining or com- 
plementary half of the capturing act. The centrifugal and centripetal movements are co-ordinated, complemental, 
and voluntary, and neither movement would be of any use by itself. The movements of the sarcode of Gromia 
(and of the amoeba) are in all respects analogous to the movements of the white blood-corpuscles and the sarcous 
elements of muscle, voluntary and involuntary. If a fibrilla of a living, striated, voluntary muscle be examined 
under the microscope it will be seen that the more or less square, cube-shaped sarcous elements forming it are 
endowed with a double power, whereby they can elongate first in one direction, and then in another and opposite 
direction. When all the sarcous elements of the fibrilla elongate in the direction of the length of the fibrilla, the 
fibrilla is said to relax, in which case it increases in length ; when all the sarcous elements elongate transversely 
to the length of the fibrilla, the fibrilla is said to contract, in which case it decreases in length. The terms relaxa- 
tion and contraction, when so employed, are at once inaccurate and misleading. Contraction, strictly speaking, 
implies a diminution in bulk which does not occur when the fibrilla shortens. The sarcous elements are at present 
(and contrary to observation) accredited with only one power, namely, the power of contracting or shortening the 
fibrilla in the direction of its length ; the power of elongating the fibrilla in the direction of its length being denied. 
The sarcous elements, according to the mechanical school, are invested with a centripetal, shortening, or closing 
power, but are said to have no centrifugal, elongating, or opening power. They aver that the closing or contracting 
power is traceable to the operation of life, but that the dilating or elongating power can only be ascribed to elas- 
ticity. This theory of muscular action is alike at variance with the appearances seen under the microscope, and 
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the phenomena witnessed in moving muscular masses, voluntary and involuntary. In order to give it the semblance 
of truth, it is necessary to assume that when a limb is voluntarily folded or flexed, the flexor muscles forcibly drag 
out or extend the corresponding extensor muscles, and that, conversely, when the limb is opened out or extended, 
the extensor muscles forcibly drag out or extend the corresponding flexor muscles. Similar remarks are to be made 
of the abductor and adductor, and of the pronator and supinator muscles. According to this theory, the flexor 
and extensor muscles are constantly at war with each other ; they are inconsistently pitted against and opposed 
to each other — the primary object in view, namely, the movements of the bones to which the muscles are attached 
and the increase or diminution of the angles made by the bones, and on which voluntary movements mainly 
depend, being quite lost sight of. As regards the involuntary muscles, the theory is still more unsatisfactory. If 
the movements of the mammalian heart be taken in illustration, it assumes that the very thin and weak 
auricles by their closure or contraction forcibly open and dilate the very thick and powerful ventricles. This is 
an impossible task ; the ventricles, at the end of the systole, being a solid muscular mass. As a matter of fact, 
and as I shall show further on, the ventricles open spontaneously and independently when the auricles close 
or contract : conversely, the ventricles spontaneously close when the auricles spontaneously open. The two 
movements are correlated, but the one does not depend upon or cause the other. In proof of this I may state 
that in the living heart the ventricles open and close even when the auricles, and the blood which they contain, 
are removed. 

The objections to the prevailing theory of muscular action become apparent in cases where two sets of 
muscles (a longitudinal and a transverse or circular) are arranged at right angles to each other, as in the large 
and small intestines, in certain arteries, &c. In such examples, according to the prevailing theory, the longitudinal 
and circular muscles are opposed to each other and their movements are, of necessity, mutually destructive. This 
dilemma is avoided by investing both sets of muscles with a double power, namely, a power of contracting, shorten- 
ing, or closing the one instant, and of relaxing, elongating, or dilating the next. The double power is well seen in 
the arterioles or smallest arteries with only an imperfect circular layer of muscle. In this case, as is well known, 
the artery can, in virtue of muscular action alone, be either contracted, narrowed, and elongated, or distended, 
widened, and shortened. When longitudinal and transverse muscles are arranged at right angles, as in the 
intestine and larger arteries, they act consentaneously ; the sarcous elements of the one set elongating when 
those of the other set contract, and vice versd. In no other way could the peculiar vermicular movements of the 
gut and blood-vessels be economically produced. The arrangement here advocated largely dispenses with elas- 
ticity as a factor in muscular movements ; muscles acting in two directions by the inherent vital powers of their 
sarcous elements. 

These views were advocated by me as far back as 1872, 1 and are fully illustrated by original dissections, 
photographs, and careful drawings in Plates lxxxiii., lxxxiv., and lxxxv., and also Plates xcvii. to ciii. (seven 
plates lithographed by Messrs. West Newman, the reference to which must be given further on). 

In cases where elasticity forms a factor of movement in animals, elastic structures are, as a rule, provided. 
Thus, there are elastic inter- vertebral cartilages for the spinal column to diffuse shock ; elastic membranes in the 
wings of insects, birds, and bats to flex and recover the wings after being extended ; elastic ribs, cartilages, &c., 
to assist in respiration ; elastic ligaments to support the strain of heavy parts, as the ligamentum nuchte supporting 
the head of the deer — other ligaments restraining and limiting the movements in joints, &c. In these and other 
cases special provisions are made for the employment of elastic structures and substances. One of the best examples 
of elastic structures is afforded by the arteries, especially the aorta, the great blood-vessel of the body, which is 
subjected to the constantly recurring impulses or shocks generated by the rhythmic contractions of the left ventricle 
of the heart. It receives the successive discharges of blood from the left ventricle and distributes that fluid to all 
parts of the body. The aorta is a remarkably elastic structure throughout. It is dilated mechanically by the 
blood forcibly ejected from the left ventricle of the heart during the systole or closing of the ventricle, and in virtue 
of its elasticity it recoils and narrows its calibre during the diastole or opening of the ventricle. The aorta by its 
recoil gives a second or sub-impulse to the blood, and so assists in the circulation and performs a double duty. It 
receives and diffuses shock and is dilated in the first instance ; it is narrowed mechanically by recoil and equalises 
and assists the flow of blood in the smaller arteries in the second instance. The dilatation of the aorta and the 
larger arteries of the body with each successive beat of the heart produces the pulse. The pulse is not felt in the 
smaller and smallest arteries. In these the blood current is largely regulated by the vaso-motor nerves and by 
special muscles in the arteries themselves — the elastic properties of the vessels being greatly reduced, and mainly 
confined to the lining membrane of the arteries. In the smaller arteries there are two sets of muscles, a so-called 
circular set winding round the arteries more or less spirally, and a longitudinal set running in the direction of the 

1 "The Physiology of the Circulation in Plants, in the Lower Animals, and in Man." 
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length of the arteries and at right angles to the circular set. These two sets of muscles act harmoniously and 
synchronously both in dilating and contracting the calibre of the arteries — elasticity playing, relatively, quite a 
subordinate part. In the arterioles, or smallest arteries, only the circular set is found. The rule is, that as the 
muscular elements increase, the elastic elements decrease. 

The walls of the smaller arteries are composed of three layers, namely, an inner, middle, and outer layer. The 
inner layer consists of fusiform epitheloid cellB imbedded in a thin basement membrane with their long axes 
parallel to the axes of the vessels. The cells of the membrane form an elastic layer (tunica intima). The middle 
layer consists mainly of pale or unstriated muscular fibres arranged circularly and spirally. It contains a small 
quantity of connective tissue, and is known as the tunica media. The outer layer (tunica extitna) consists of con- 
nective tissue, the bundles of which are, for the most part, disposed longitudinally. It displays connective tissue 
corpuscles and a relatively large number of elastic fibres. It will be observed that the elastic elements run, as a 
rule, in the direction of the length of the arteries, and at right angles to the circular or spiral muscular fibres — an 
arrangement which readily admits of their being put upon the stretch by the contraction of the arteries. Here 
the muscular and elastic elements mutually assist each other ; the latter giving resiliency and helping the muscles 
over their dead points. It is, however (and let this be noted), the muscular element which primarily confers the 
closing and opening movements. The power of muscle to put elastic structures on the streteh is well illustrated 
by the effect produced by the left ventricle of the heart on the aorta. During 
? the systole or closing of the left ventricle the aorta is suddenly dilated. It 
is not permitted to recoil or contract until the left ventricle withholds its 
power, which it does during its diastole or opening movement. The left 
ventricle and the aorta play, as it were, at cross purposes. The ventricle 
closes, and in closing opens the aorta. The aorta in turn closes by recoil 
when the ventricle opens. These are co-ordinated complementary movements, 
and the result is a more rapid, equal, and perfect circulation of the blood. 
Here, again, the muscular ventricle is the prime mover, and the aorta, which 
is a passive structure, can only move at second hand, and when distended 
by the blood forced into it by the left ventricle. The elastic properties of 
the aorta supplement the movements of the left ventricle. They also confer 
resiliency on that part of the circulatory apparatus nearest the heart. The 
resiliency is an important property where shock is to be diffused and recoil 
encountered, as is the case in the action of the left ventricles, where the move- 
ments are sudden and jerky. 

The veins differ from the arteries in being considerably larger and in 
having much thinner walls ; the walls containing, relatively, a larger 
proportion of white fibrous tissue, and a smaller proportion of yellow elastic tissue. 

The structure of the small arteries and veins is given at Fig. G6, where it will be seen the fundamental elements 
of both are arranged at right angles in a manner analogous to that in which the sarcous elements of muscle are 
arranged at Plate lxxxiii., Figs. 1, 2, 3, and 4. 

This line of argument is greatly strengthened by a reference to the hollow viscera with sphincters, especially 
the stomach, bladder, rectum, and uterus. The human stomach is provided at its narrow end with a powerful 
sphincter (the pyloric valve), composed of two sets of strong muscles spirally arranged and crossing obliquely. This 
valve during the digestion of food is so firmly closed that the thin walls of the stomach cannot open it by even their 
most vigorous contractions. When the time arrives for the expulsion of part of the digested food (chyme) into the 
duodenum (or upper part of the small intestine) the sphincter valve opens spontaneously. When the sphincter valve 
opens the stomach, as a whole, closes or contracts. A double movement is inaugurated. The sphincter opens 
when the viscus closes, and vice versti — the movements being alternate and rhythmic in character. The contraction 
or closure of the body of the stomach does not open the sphincter, which, when contracted or closed, forms a solid 
muscular mass. 

The stomach, as my dissections show, is provided with two sphincters — the pyloric sphincter or valve already 
referred to, and another which I have designated the oesophageal or cardiac sphincter, from its being situated at the 
root of the resophagus, where it enters the stomach, and from its proximity to the heart. That these sphincters 
act spontaneously and independently, and are not stimulated or set in motion by the food in the stomach, is proved by 
this, that they are sometimes both open, sometimes both closed, and sometimes one is open and the other is closed. 
They are both open when no food is in the stomach ; the oesophageal or cardiac sphincter is open and the pyloric 
one closed when food is being ingested ; the pyloric sphincter is open and the oesophageal or cardiac one closed when 




)6.— A. Small artery. IS. Small vein : 
rated with acetic acid, o a, a' <i', 
b', nuclei of the muscular coat ; 



300 dim net era (af 



PROTOPLASMIC, AMOEBIC, AND OTHER MOVEMENTS 319 

the partly digested food (chyme) is being passed at intervals into the small intestine. The movements of the 
stomach and its sphincters are co-ordinated, rhythmic wave movements. 

The reader will get a good idea of the structure of the oesophagus, duodenum, and human stomach — especially 
the sphincters of the latter — from careful drawings made by me from my original dissections, preserved in the 
Royal College of Surgeons of England, London. (Vide Fig. 67, p. 326.) 

Arrangements similar to those described in the stomach obtain in the bladder. This viscus is provided with 
a powerful sphincter at its neck or depending portion. It completely occludes the urinary passage ; so much so, 
that not a drop of urine can escape. When the period for micturition arrives the sphincter vesicae opens or relaxes 
of its own accord ; the body of the bladder contracts simultaneously and rhythmically, and the urine is expelled. 
These acts are consentaneous, but they are independent. The one does not cause the other. They are rhythmic 
wave movements, and are means to ends, and, as such, imply pre-arrangement and design. Neither in the case of 
the stomach nor the bladder could the practically impervious passages of the sphincters be forced. The same 
is true of the rectum and uterus in defaecation and parturition. The sphincters ani open when the rectum closes 
or contracts ; the cervix and os uteri open when the uterus contracts. The object of the double movement is to 
expel the faeces and the foetus. The contents of the viscera play a merely nominal and passive part in the rhythmic 
wave movements referred to. They do not cause them. The peculiarity of the hollow viscera (heart, stomach, 
bladder, rectum, and uterus) is that they are containing and retaining as well as propelling and discharging organs. 
The double function necessitates the condition of partial rest when the organs are receiving and accommodating 
their appropriate charges, and active alternating rhythmic movements as between the several parts of the organs 
when their contents are being expelled. The contents are discharged in each case by the alternate opening and 
closing rhythmic wave movements. 

It should be explained that the involuntary muscles have no origins and insertions, as is the case in the voluntary 
muscles. They are, however, capable of very powerful action, and display what must be regarded as fundamental 
centrifugal and centripetal movements. The centripetal and centrifugal movements furnish the types for all muscular 
action, whether involuntary or voluntary. 

The manner in which the involuntary muscles (blood-vessels, heart, stomach, &c), the voluntary muscles 
(flexors, extensors, abductors, adductors, pronators, supinators, &c.), and the sarcous elements composing both act, 
will be readily understood by a reference to Plates lxxxiii., lxxxiv., and lxxxv. which follow. 

PLATE LXXXIII 

Plate lxxxiii. shows that voluntary muscular fibres and fibrillse may be divided longitudinally and transversely 
and broken up into little squares or cubes (sarcous elements) ; how the double cleavage gives rise to the markings 
and striations so well seen under high powers of the microscope ; how the sarcous elements have the power of 
changing shape centripetally and centrifugally in two directions, namely, transversely and longitudinally ; how 
muscles and the parts thereof (sarcous elements) move spontaneously and harmoniously in waves ; how the several 
parts of muscles move simultaneously, one part moving transversely when the other is moving longitudinally, and 
vice versd ; how the several parts alternately change places, there being no such thing as antagonism in muscular 
action either as regards the sarcous elements of individual muscles, or as regards the so-called flexor and extensor 
muscles of the body as a whole. 

The sarcous elements of the involuntary muscles are less differentiated than those of the voluntary ones. They, 
however, act in essentially the same way. It is easy to understand how, according to my theory, parts are extended 
and flexed, how bones and other structures are moved, and how hollow viscera, especially those with sphincters, are 
opened and closed. 

Fio. 1. — A. Elementary voluntary muscular fibres from the leg of a newly-born rabbit after having been exposed to the action 
of alcohol. Shows well-marked longitudinal and transverse cleavage of the muscle, how the muscle breaks up into sarcous elements 
or little squares and cubes, and how these may be detached as at a, a', a" (after Bowman). 

B. Sarcous element or cube very greatly enlarged and invested with the double power of vitally changing shape in two 
directions, namely, horizontally and vertically. The change in shape is effected by combined centripetal and centrifugal movements 
as indicated by the solid darts (a, ft, c, d), and the dotted darts (i, /, </, h). When the sarcous element assumes the shape C (in the 
horizontal position), it contracts or shortens (see solid darts n, c) in a direction from above downwards, and relaxes or elongates 
(see dotted darts /, h) laterally. When the sarcous element assumes the shape D, it contracts or shortens laterally (see solid 
darts b 9 d) 9 and relaxes or elongates vertically (see dotted darts e, g). The shape of the sarcous elements in the condition of rest 
is seen at B ; the centrifugal movements are indicated at £, and the centripetal ones at F. 

When two muscles, say a flexor and extensor, are at work, the sarcous elements of the one are shortening, as at C, while the 
sarcous elements of the other are elongating, as at D (compare with m, n of Fig. 4). The sarcous elements can change shape in 
two directions (see C and D of Fig. 2). The sarcous elements of both muscles move synchronously and harmoniously to a given 
end, whether that be the flexion or the extension of a part. The flexor and extensor muscles are not pitted against each other or 
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antagonists in any way. On the contrary, they form muscular cycles which invest bones with joints — one side or half of the cycle 
always contracting or shortening by a centripetal movement, when the other side or half relaxes or elongates by a centrifugal 
movement. The muscular cycle formed by the biceps and triceps muscles of the human arm is seen at Fig. 4 ; the arrows (m) 
indicating the contracted or shortened sarcous elements of the biceps, and the arrows (n) the relaxed or elongated sarcous 
elements of the triceps, as witnessed in flexion of the fore-arm. In extension of the fore-arm, the long axes of the sarcous 
elements reverse and change places — w becoming n. 

The consentaneous centripetal and centrifugal action of the sarcous elements, while well delineated at Fig. 4, is seen to 
perfection in the combined movements of the longitudinal and circular muscular fibres of the iris, intestine, and small arteries ; 
the hollow viscera with sphincters ; and the co-ordinated independent movements of the auricles and ventricles of the mammalian 
heart during diastole and systole. 

The movements in question are all typified at E and F of Fig. 1 ; £ representing the centrifugal, elongating, opening-up 
movement, and F the centripetal, shortening, closing- up movement (the Author, 1872). 

Fio. 2. — A. Fragments of striped elementary fibres, showing transverse cleavage (a, a') of the sarcous elements. The 
longitudinal cleavage is seen at b. The appearances presented by the separated single fibrillte are shown at c. The sarcous 
elements of the fibnllse are, in one case, slightly beaded ; in the other they are perfectly rectangular (after Bowman). 

B. Muscular fibres of the pig, magnified 720 diameters. /, Single fibrils showing quadrangular outlines of the component 
sarcous elements — their dark central part and bright margin and their lines of junction crossing the light intervals ; d, e, longi- 
tudinal segment of fibres consisting of a number of fibrils still connected together ; /, other smaller collections of fibrils. (From 
a preparation by Mr. Leatham, after Dr. Sharpey.) 

C and D. Show an elementary muscular fibre of the skate in the unoontracted and contracted states, y, Fibre in the condition 
of rest ; the longitudinal and transverse markings and cleavages being well marked. At h one side of the fibre is contracting or 
shortening by a wave movement. At t, both sides of the fibre are similarly engaged ; both sides of the fibre being thrown into 
wave-like swellings (&, 2, m). The remarkable thing is that all the parts of the fibre are capable of producing the wave-like 
swellings ; these successively taking each other's places. Thus the constrictions between k, I, and m of the letter i become the 
swellings n, o of the letter j (after Bowman). The power of the fibre to alternately swell out and expand and to retreat and 
draw in, at exactly the same spots, shows that the sarcous elements are endowed with centrifugal and centripetal movements. 
As these movements are independent of each other, muscles can alternately shorten and elongate ; the rule being, that when the 
one shortens the other elongates, and vice versd. This is the case in voluntary muscles. It is also the case in involuntary muscles, 
with or without sphincters. When no sphincters are present, the involuntary muscles exert their centripetal power in closing or 
partly closing their cavities. When the cavities are to be opened up and expanded they exert their centrifugal power. The 
centripetal and centrifugal movements of the voluntary and involuntary muscles are spontaneous and independent, and do not 
produce each other (the Author, 1872). 

Fio. 3. — Shows the structure of voluntary or striped muscular fibres, and the shapes of the sarcous elements in the relaxed 
or elongated, and in the contracted or shortened conditions. 

A. Fibrils of extensor muscle of crab's leg in the extended or elongated state. 

B. The same separated ; the sarcous elements elongated vertically. 

C. Bundles of semi-contracted fibrils from crab's leg — the sarcous elements arranging themselves transversely or horizontally. 

D. A further stage of contraction of muscle of crab's leg. 

£. Fully contracted or shortened muscle of crab's leg, showing the complete reversal of the long axes of the sarcous elements. 
(Compare the sarcous elements of this figure with those of Fig. B.) 

F, G. Fasciculi of contracted fibril lee. 

In all these figures the longitudinal and transverse cleavages which separate the substance of muscle into sarcous elements 
are well marked. (From a paper by Rutherford, and as explained by the Author in 1872.)] 

Flo. 4. — Shows the muscular cycle formed by the biceps or flexor muscle (a) and the triceps or extensor muscle (b) of the 
human arm, as seen in the flexion of the fore-arm and hand on the arm (the Author, 1872). At m (vide arrows) the centripetal or 
shortening action of the sarcous elements of the biceps in flexion is given, and at n (vide arrows) the centrifugal or elongating 
action of the sarcous elements of the triceps in flexion is indicated. The long axes of the sarcous elements, m and n, are at right 
angles to each other. In the act of extension of the fore-arm and hand the long axes of the two sets of sarcous elements reverse 
and change places ; thus the sarcous elements (m) of the biceps have their long axes arranged vertically, and those (n) of the 
triceps transversely or horizontally. The sarcous elements of the flexor and extensor muscles, as already indicated, always arrange 
themselves at right angles — those of the flexors contracting or shortening when those of the extensors relax or elongate, and 
vice vend. The flexors do not forcibly drag out the extensors in flexion ; neither do the extensors forcibly drag out the flexors 
in extension. This would be a mere waste of power. The flexors and extensors work consentaneously and harmoniously to 
produce the acts of flexion and extension respectively. Both are vital acts. There is no jerkiness in either movement, and 
elasticity plays quite a subordinate part in muscular action. The present figure illustrates how the bones of the extremities 
form levers, and how they are set in motion by muscular action ; the muscles acting in cycles, and, for the most part, spirally. 
c, Short and long heads of the biceps or flexor muscle of the arm arising from the coracoid process (r) and upper edge of the glenoid 
cavity (and ligament) of the scapula ; d, the insertion of the biceps into the posterior margin of the tuberosity of the radius ; 
e, the three heads of the triceps or extensor muscle of the arm arising from the lower part of the glenoid cavity and inferior 
border of the scapula (f) — middle or long head ; and from the posterior surface of the humerus — external and internal heads ; 
g, the insertion of the triceps into the posterior and upper part of the olecranon of the ulna ; h, rounded head of the humerus 
or arm bone ; i, coracoid process of scapula ; j, j\ ulna ana radius ; k, elbow joint ; /, bones of hand (the Author, 1872) . 



PLATE LXXXIV 

Plate lxxxiv. illustrates the views of various authors as regards the shape of the sarcous elements of voluntary 
muscle in contraction and relaxation ; how the striation is produced ; how there is a transverse and longitudinal 
cleavage of the sarcous elements — these elements being arranged at right angles to each other ; how the transverse 
and longitudinal arrangements of the sarcous elements reappear in the smaller blood-vessels, in the intestine, and 
in the iris of the eye ; how the transverse and longitudinal sarcous elements work simultaneously and harmoniously, 
the transverse sarcous elements shortening when the longitudinal sarcous elements elongate, and vice versd ; how the 
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PLATE LXXXIV (continued) 

Fig. 4. — Photograph of a frozen section of the human heart where the individual has died during the systole of the organ, that 
is, when the ventricles were strongly contracted and the ventricular cavities obliterated ; the auricles being relaxed and distended 
to their utmost, a, Cavity of right auricle ; 6, cavity of left auricle ; r, thickness of wall of right auricle when relaxed ; d, e, thick- 
ness of wall of left auricle when relaxed ; /, thickness of wall of left ventricle when the ventricle is fully contracted and the 
ventricular cavity obliterated ; g, h % great vessels cut into. 

Shows the comparative thickness of the walls of the ventricles and auricles during systole, and how it is impossible for the 
thin auricles to force their contained blood into the ventricles, which, in systole, form solid muscular masses. The obvious in- 
ference is that the ventricles open spontaneously when the auricles close. The auricles do not forcibly dilate the ventricles, 
neither do the ventricles forcibly dilate the auricles. The movements of the auricles and ventricles are co-ordinated but they are 
independent ; the ventricles opening by centrifugal movements when the auricles close by centripetal movements, and vice vend. 
The ventricles are invested with a double power, whereby they can alternately open and close, and the same is true of the auricles. 
A similar arrangement obtains in the hollow viscera (stomach, bladder, &c.) with sphincters. 

All the muscular fibres of the ventricles and auricles move simultaneously and harmoniously in the opening and closing move- 
ments. The opening centrifugal movements and the closing centripetal movements of the ventricles are shown in Fig. 3 (the 
Author, 1872). 

Fig. 5. — Diagram showing the centripetal and centrifugal movements of the left ventricle during systole, when the ventricular 
cavity is obliterated, and during diastole, when the ventricular cavity is fully opened, as seen in cross section of the ventricle. The 
muscular fibres are in a state of activity during both the closing and opening movements. There is, however, a brief interval 
between the opening and closing movements when the ventricle is at rest. There is also a period of rest for the sarcous elements, 
which greatly extends the period of the inactivity of the ventricle as a whole, a, Zone of rest for the left ventricle ; K contracted 
zone when the left ventrical cavity is obliterated by a strong centripetal movement of the muscular fibres, as indicated by the four 
long arrows ; c, relaxed zone when the left ventricular cavity is fully opened up by a more feeble centrifugal movement of the 
fibres, as indicated by the four short arrows. The centripetal and centrifugal movements are spontaneous and independent of each 
other. They are also vital in their nature (the Author, 1867). 

Fig. 6. — Muscles of the iris of the eye. a, Transverse or circular muscular fibres ; 6, longitudinal or radiating muscular fibres. 
These are arranged at right angles to each other. They are of the plain, unstriped type, and nave for their object the increase and 
diminution of the pupil or aperture in the centre of the iris through which the light passes into the interior of the eye. The 
transverse or circular fibres have t>een regarded as forming a sphincter, and the longitudinal radiating fibres a dilator, to the iris ; 
these acting at different times and alternately. The circular and longitudinal fibres are said to be opposed to, and pitted against, 
each other, after the manner of supposed antagonist muscles. This is an erroneous view. As a matter of fact, the so-called 
sphincter and dilator muscular fibres are co-ordinated, and act harmoniously and together ; both taking part in the opening and 
closing movements of the iris. The movements of the muscular fibres are centrifugal and centripetal in character, as in small 
blood-vessels, the hollow viscera, and the voluntary muscles when these produce the movements of flexion and extension, of 
abduction and adduction, of pronation and supination, «&c. 

Some are of opinion that the longitudinal fibres are sparse or non-existent, and that when present they are striated, as in the 
bird and otter. It this view be adopted it follows that the circular fibres must of themselves be equal to increasing and diminish- 
ing the aperture of the pupil, and that they are consequently endowed with a double power, which enables them to increase or 
diminish the size of the pupil at pleasure (after I wan off). 

PLATE LXXXV 

Plate lxxxv. shows how the small arteries are furnished with transverse or circular and longitudinal or straight 
unstriped muscular fibres arranged in two layers with nuclei interspersed ; how the unstriped muscular fibres are 
ribbon-shaped and flat, and display rod-like nuclei in their interior ; how the nuclei reappear in young striped muscle 
with faint transverse markings ; how in the adult heart the transverse markings are pronounced, the involuntary 
and voluntary muscles having not a little in common, structurally and functionally. In particular the Plate shows 
how the ventricles of the mammalian heart open and close, the cavities of the ventricles being quite obliterated 
during the systole ; how the muscular fibres of the left ventricle are arranged spirally in two sets, which enter and 
leave the apex at opposite points, and so produce a symmetrical result, which, curiously enough, finds its exact 
counterpart in certain shells (Plate xiii., Fig. 1, G) and in double spiral nebulae (Plate viii.). The last is a most 
unexpected occurrence, and has much significance, as indicating the prevalence of laws which have symmetry and 
spiral movements for their objects. 

Fig. 1. — A. Small artery consisting of transverse and longitudinal unstriped muscular fibres branching into two smaller ones 
(/>), which split up into capillaries (r and d) displaying nuclear elements. Magnified 226 diameters. 

B. Nuclei (", fi, a) of unstriped involuntary muscles, magnified 360 diameters. 

C. Flat, spindle-shaped, involuntary muscles, showing rod-like nuclei (a, <r, a) ; the central specimen being treated with acetic 
acid. The fiat fibres, according to some investigators, display faint traces of transverse and longitudinal cleavage. Magnified 360 
diameters. 

D. E. Similar fibres with well-marked nuclei (a, a). 

F. Elementary fibres from pectoral muscle of foetal calf two and a half months old, showing corpuscles (a, a), magnified 300 
diameters. This preparation affords a link between the involuntary and voluntary muscular fibres structurally and functionally. 

G. Elementary fibre from the larva of a dragon fly in an early stage of development, showing central row of corpuscles. 
Magnified 300 diameters (Bowman). 

H. Striped involuntary muscle of the heart. The cardiac muscle is peculiar in this : it is involuntary and yet its substance 
displays well-marked transverse and longitudinal cleavages. It runs the involuntary and voluntary muscle into each other, and 
affords proof that both kinds of muscles belong to a common stock, and functionally resemble each other. 
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PLATE LXXXV (■: 







Fio. 7. — Spiral shell with right- handed spiral whorl at the apex. The whorl consists of two ports which twist and plait iuto 
ouch other. It resembles a right-handed spiral nebula (Plato viii., Fig. 4): spiral seeds (Fig. II, D, E) ; spiral spermatozoa 
(Plate xii., Fig. 1, E), &c. (the Author, 1*59, and subsequently). 

Fig. 8. — Photograph of a dissection by the Author of the left ventricle of a sheep's heart showing the posterior surface and 
apex of the left ventricle. The left ventricle of the heart of the mammal is composed of Iwo sets of spiral muscular fibres. /, li, 
the two sets of superficial spiral muscular fibres form the first external layer. They are seen involuting or turning into 
the left apex to make u most exquisite whorl. Compare with Fig. 7 of this Plate. It is these two sets of fibres which are chietty 

s. The whorl formed by t' 
ventricle of the heart of the sheep Is quite as distinct in the left ventricle of the hut 







Fiii. 87 (A, B, C, D, E).— Represents a aeries of original dissections and drawings by thu Author, showing the distribution of the 
muscular fibres in the i esophagus, stomach, pyloric valve, and duodenum. 

A. Minute dissection of the muscular fibres of the 'esophagus of the horse. In this dissection no fewer than seven layers of 
muscular fibres can be made out. The distribution is similar to that met with in the left ventricle of the mammalian heart. The 
fibres are spirally arranged, and consist of three external sets, throe internal sets, and a central layer. Proceeding from without 
inwards the following arc encountered- an external longitudinal layer (><, .<', • >'), nn internal ditto (■ \ a slightly oblique external and 
a slightly oblique internal layer which cross each other (i, '>'), a very oblique external and a very oblique internal layer which also 

cross (.. ■■'), and a transverse or central layer (./, •!'). This sciilrtr mediums in is endowed with centrifugal and centripetal powers, 

whereby it opens Win re anil clones U'hiinl t El-- 1m. I us in swallowing, with tin' result t but the f 1 is on i' irci-d into the stomach. The 

scheme of the mechanism is indicated at I), E, of Fig. 3, Plate Ixxxiv. 

In vomiting, the swallowing process is reversed ; the arrangement working effectively in lioth cases. One can eat, swallow, 
and drink with the body inverted. 

The swallowing process is. similar to that induced in the teal of the cow in milking. According to prevailing views, the interior 
of the (esophagus is irritable, and the bolus of food acta ana stimulus which causes the o-sophagus to open and close •illrnmlrhi and 
so transmit it to the stomach. This cannot be the true explanation. The passage of the txdus into the stomach is a coiitiniinui 
movement, and cannot possibly produce the alternating, in ten uptud movements which eliann.-ti.inse the < esophagus 
the bolus acted as a stimulant it won hi cause c m tract i f the o'Sophagus in front instead of behind itself. The o 
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Fig. 67 (continued). 

oontract where the bolus first touched it. The rule is, that the oesophagus always contracts behind the bolus ; the part in front of 
the bolus opening at the same time. In no other way could the bolus be transmitted to the stomach. There is a double power at 
work in swallowing ; a centripetal, closing, contracting movement behind the bolus, and a centrifugal, opening, dilating movement 
in front of it. As all parts of the oesophagus are invested with the double power, and the contracting and dilating portions change 
places, a most efficient steady downward movement is provided for the downward passage of the bolus. 

The movements of the oesophagus in swallowing are the precursors of those occurring in the stomach, sphincters, rectum, 
heart, bladder, and uterus. 

The oesophagus is to be regarded as a typical involuntary muscle, and, as such, its movements are worthy of very special study. 
It combines in itself all the peculiarities of muscular activity. It is not dominated by the will nor by nervous arrangements in 
any form. It is an independent, self-acting, spontaneous muscle — its primary function being to seize and transmit food whenever 
presented to it. It forms part of a working system. It is for the head and hands to procure and present the food. When food 
is presented to the oesophagus, it at once becomes aggressive and seizes it. It does not wait to be jogged into activity by 
artificial stimulation, which stimulation, as explained, could not produce alternate closing and opening of its several portions. 
The oesophagus is a highly specialised portion of the alimentary canal. It is an original construction, and finds a place in the 
organisms in which it occurs from the outset. It is a spontaneous and self-acting mechanism. One can swallow air and fluids 
when no bolus is present. Without an oesophagus and alimentary canal none of the higher animals could exist. 1 As showing the 
importance of the oesophagus one has only to realise that its double centripetal and centrifugal powers, which enable it to close 
or contract at one part while it opens or dilates at another part, foreshadow the movements of the hollow viscera generally, such 
as the heart, lungs, &c., and of the hollow viscera with sphincters, such as the stomach, rectum, bladder, and uterus. The 
oesophagus occupies a unique position because of its fundamental nature and its numerous important relations. It is virtually 
endowed with universality of movement, and a careful study of it forms a fitting introduction to all those structures in which 
rhythmic movements occur (the Author, 1867). 

B. Portion of the human duodedum, or first part of the small intestine, showing the valvules conniventes. The valvules (c, d) 
project into the interior of the gut in two segments which interdigitate and overlap. They form part of an obstructive system 
which has for its object the delaying of food in its downward passage. They have great significance when viewed in connection 
with sphincters, whose precursors or predecessors they are. Their distinguishing feature is their arrangement in symmetrical pairs, 
which interdigitate and overlap where they meet. A similar arrangement is seen in the lower portion of the oesophagus of the 
cat when inverted. The valvulse are arranged spirally, and not circularly, as is usually stated. They cross where they meet very 
obliquely, as happens in the muscular fibres of the pyloric valve (see r, d of Fig. C), (the Author, 1867). 

C. Pyloric end of the human stomach (n, />), showing the minute or ultimate construction of the pyloric valve (c, d). The 
valve consists of two sets of muscular fibres which overlap at the angles. They enclose a small elliptical aperture. They are not 
composed, as is generally believed, of circular fibres : indeed there are no circular fibres either in the stomach or sphincter. The 
fibres usually figured and described as circular are the terminal loops of figure-of-8 fibres arranged in a more or less continuous 
layer. The pyloric valve forms a narrow slit or opening which no power possessed by the muscular walls of the stomach could 
forcibly open. As a matter of fact it opens or dilates spontaneously when the body of the stomach closes or contracts. This is 
true of all sphincters. The structure of the cardiac sphincter (</ of Fig. £) gives the key to that of all the other sphincters (the 
Author, 1867). 

D. Vertical section of the pyloric end (a, b) of the human stomach ; showing the pyloric valve (c) from the inside. This valve 
is formed by a duplication or doubling in of the entire walls of the stomach, and is very strong. It projects into the stomach as 
the valvulse conniventes project into the duodenum. Only the half of its small aperture is seen. The sphincter, as in C, opens up 
or dilates spontaneously when the stomach closes or contracts (the Author. 1867). 

£. The muscular fibres of the human stomach as dissected by the Author. Seen from the lesser curvature anteriorly. Shows 
radiating muscular fibres, portions of several layers and the formation of the cardiac sphincter (not hitherto described), a, Portion 
of oesophagus ; /, root of oesophagus with fibres radiating anteriorly and posteriorly (h, h') in the direction of the pylorus (b) ; 
c, sulcus indicating position of the pyloric valve ; rf, e, great muscular bands crossing very obliquely, anteriorly, and posteriorly, and 
overlapping to form the cardiac sphincter. By the contracting of these bands the root of the oesophagus (/) is readily obliterated. 
g f Portion of the so-called circular layer. 

For a more extended account of the stomach and its sphincters, see Plates cii. and ciii. 

§ 59. Muscular Action (Voluntary and Involuntary), as bearing on Locomotion, Respiration, Circula- 
tion, Alimentation, Urination, Defecation, and Parturition. 

Normal muscular action is from within and not from without. It is the result of inherent endowment and 
vitality. It is not caused by artificial external stimulation, and this is where, it appears to me, modern physiology 
has made a wrong departure. Modern physiology attempts to work muscle from the wrong side, and has to assume 
that it is irritable or excitable ; that artificial stimulation and normal nerve action are one and the same thing ; 
that a large amount of the work performed by muscle is due to elasticity ; that muscle is always on the stretch or 
in a tonic condition — no real interval of repose being ever allowed to it ; that flexor muscles when they shorten or 
contract drag out or forcibly extend and elongate the extensor muscles and vice versd, and so of the pronator and 
supinator muscles, abductor and adductor muscles, &c. 

That muscle does not require to be goaded into activity by external artificial stimulation is proved by muscular 
action as a whole, and by the action of the heart in particular. The movements of the heart are inherent, fundamental, 
and rhythmic in character. In the chick, where the heart is composed of a mass of nucleated cells, they take place 
in the absence of muscles, nerves, and even blood. No external or internal stimulation is required, and there is 
no trace of irritability or excitability in the cells forming the heart. The opening and closing movements of the heart 
are both vital ; there is no opportunity for elasticity coming into play, neither is forcible distension possible, seeing 

1 In cases of constriction or partial obliteration of the oesophagus from any cause the jtatieut can he fed by means of a flexible tube, but this 
is never satisfactory, and is of course impossible in a state of nature. 
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the blood, which is regarded as the distending medium, is absent. Similar remarks are to be made of the adult heart. 
The heart both in the young and adult condition is a master organ ; it is, in a sense, the mainspring of life ; its 
movements, as explained, being fundamental and inherent, and in no way due to caprice or accident. There is no 
proof that the normal heart is irritable, 1 or that stimulation of any kind is necessary to its action. 

The modern physiologist pricks or applies electricity to a heart or a muscle which is in a state of quiescence, and 
gets one or more contractions, and straightway concludes that the stimulation is the sole cause of the movement. He 
forgets that the heart can and does contract normally without any stimulus, external or internal. This remark ap- 
plies to all the hollow muscles. It also applies to all the voluntary muscles, as they too are moved from within by 
the efforts of the will, and as apart from all kinds of external stimulation. 

It is true that a muscle can be made to contract by applying an artificial stimulus to it directly, 2 or to a cut 
motor nerve attached to it. It does not, however, follow that the artificial stimulation produces exactly the same 
result as the impulse sent out through an uncut motor nerve to the muscle by a nerve centre. In like manner 
artificial stimulation, at its proximal end, of a cut sensory nerve produces pain, but no one can say that the kind and 
degree of pain are identical with that produced by contact with a natural object applied to the uncut sensory nerve 
at its distal end. At best the results obtained by artificial stimulation and section of the motor and sensory nerves 
are crude imitations of the normal acts, and consequently to be accepted with caution. 

As regards the elasticity of muscle much misconception exists. Elasticity, it is said, only acts when muscles 
relax, elongate, or dilate ; as a matter of fact, the little elasticity there is comes into play also when muscles contract, 
shorten, or close. This follows, because elasticity, whatever its amount, is a property of the sarcous elements in 
which muscular movements begin and terminate. The elastic properties of muscle are, as a rule, greatly overstated. 
When elasticity is to play an important part in living structures, the structures are specially modified for the purpose. 
Thus in the vorticella a special spiral spring is provided for the retractile or shortening movements of the pedicle or 
stem. The same is true of the wing of the insect, bird, and bat in flexion. Examples of special elastic tissues are 
afforded by the inter- vertebral discs or cartilages of the spinal column, the ligamentum nuchas, yellow elastic tissue, &c. 
The large arteries, which contain no muscular fibres, are highly elastic, but the small arteries provided with muscles 
are very little, if at all, elastic. 

Elasticity usually manifests itself by recoil or sudden movements. The sudden movements of muscles, how- 
ever, do not occur during the elongating or dilating process, when elasticity is said to exert its chief powers, but 
during the shortening or contractile process, when elasticity is said to be in abeyance. According to prevailing 
views, the shortening or contractile movements of muscles are vital — the elongating or dilating movements elastic. 
The elongating movements are said to be mechanical, whereas the shortening, contractile movements are said to be 
vital. According to my experiments and observations, both movements are vital, elasticity playing quite a subor- 
dinate part, but acting to a trifling extent in either case. 

But (and this is important) the prevailing theory of muscular action is inconsistent. In the case of the hollow 
viscera — the heart, stomach, rectum, bladder, uterus, &c. — the closing, shortening, centripetal movements are said 
to be vital and sudden ; whereas the opening, elongating, centrifugal movements are said to be mechanical and slow. 

In the respiratory movements, however, all this is said to be changed. In this case, the opening, elongating, 
centrifugal movements of the chest are said to be vital and sudden, whereas the closing, shortening, centripetal move- 
ments are said to be mechanical and slow. These two positions, it will be observed, are diametrically opposed to each 
other. 

If vital acts are required to close the heart and open the chest, it is abundantly evident that both the closing and 
opening movements of the heart and chest are vital in their nature, but this is what the theory inconsistently and 
persistently denies. 

There is no difference as to the manner in which the heart and chest are opened and closed. In both, the 
opening and closing movements are directly due to vital muscular action. The fact that in the chest the muscles 
act in conjunction with bones and cartilages does not alter the situation. In either case, the movements begin 
and terminate in the muscles themselves. If, as happens in the chest, the elasticity of the ribs and cartilages is 
evoked, the muscles are still the prime movers. Bone and cartilage by themselves can neither originate nor 
perpetuate movement. 

1 Chauveau introduced .small caoutchouc hags into the hearts of horses without interfering in any way with the normal action of the heart. 
This experiment is fatal to the theory that the interior of the heart is irritable, and that the blood causes the movements of the heart. 

* If, for example, an irritant be applied to a muscle or muscles in the act of elongating, as in a worm crawling forward, the muscles are taken 
by surprise, and the forward movement is temporarily suspended. The same thing happens when the tentacles of a snail are being pushed out- 
wards. The tentacles, if touched, are immediately retracted. In both cases, however, the advance or forward movements are at once resumed when 
the irritant is removed and the alarm passes oir. The muscles in such cases assert their double power by well-marked centripetal and centrifugal 
movements. Muscles, or i»ortions thereof, also withdraw and contract in various parts of the Iwdy if the skin covering them be suddenly and 
smartly tapped. 
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to move bones which form levers, as in the movements of the arms and legs in locomotion or otherwise ; to move 
all parts of the body in the practice of the arts ; to transmit gases, semi-fluids, solid substances, &c., as in the heart, 
oesophagus, stomach, bladder, rectum, and uterus. 

Muscles never neutralise or work against each other. This would altogether defeat the object in view. 

All muscular movements are co-ordinated — that is, they are movements to a given end. If the closing or systole 
of the heart be sudden, and the opening or diastole slow, it is because the blood has to be hurried forward by a vis 
a tergo movement, and time allowed for it to re-enter the ventricles, which, when they open, exercise a vis a front* 
action. 

The deliberate co-ordinated movements of the extremities and other parts of the body are inconsistent with 
the jerky movements which would be produced by a mechanical forcible dragging out of either the flexor or ex- 
tensor muscles during the movements of flexion and extension. It is not conceivable that the delicate operations 
performed by the extremities, hands, feet, and other parte of the body could possibly be effected by muscles (flexors 
and extensors, pronators and supinators, abductors and adductors) all playing at cross purposes. 

The prevailing theory of muscular action fails because it assigns to muscle only one power, namely, the power 
of shortening or contracting. As a matter of fact, and as I have shown on several occasions in this work and else- 
where, muscle is possessed of a double power, namely, a power by which it elongates or dilates the one instant, 
and shortens or contracts the next. This double power admits of the most delicate co-ordination ; the flexors, 
pronators, and abductors shortening or contracting when the extensors, supinators, and adductors elongate, and 
vice ver8d. In this way no power whatever is lost, and the muscles are under the most perfect restraint and control. 
There is no violent tugging of muscle against muscle, no muscular warfare ; all is harmony and the outcome of 
design. According to this view, there is also provision for perfect rest to the muscles. Muscles are either acting 
or at rest. When they act, they act together and at the same time. When they are not acting they are resting. 
There is no need for muscles being always on the stretch and in the so-called tonic condition. 

An appreciable interval of time (the so-called latent period) elapses between the discharge of motor impulses 
and the movements of muscles, but this interval is common to the flexors and extensors, the pronators and supinators, 
the abductors and adductors (they form, as explained, co-ordinated groups), so that, when motion occurs in the flexors, 
pronators, or abductors, it occurs simultaneously in the extensors, supinators, and adductors, and the converse. If 
muscles are suddenly brought into requisition by slipping, sudden loss of balance, &c, before a perfect co-ordina- 
tion occurs, the substance of the muscles is not unfrequently ruptured or torn. The several voluntary muscular 
movements are associated, co-ordinated movements, and these movements are acquired after much patient and 
laborious effort and education. The involuntary muscular movements also admit of being trained. They are at 
once fundamental and intuitive, and are stereotyped by unconscious repetition. 

The bones and joints, it may be remarked, are not necessary to locomotion. In the Protozoa or unicellular 
animals this is effected by an amorphous contractile mass. In the worm, leech, and caterpillar it is effected by 
imperfect muscular fibres continuous upon themselves, as in the hollow viscera of Vertebrates. The muscle 
becomes interrupted in the Crustaceans by the interposition of an external, and in the Vertebrata by the presence 
of an internal, skeleton. When, therefore, the external and internal skeletons make their appearance, it is to 
afford the muscular system additional surface and leverage, and to enable it to act with greater precision in 
a given direction. The skeleton, since it cannot move of itself, is consequently to be regarded as an adjunct or 
auxiliary of the muscular system. As the muscles are accurately moulded to the bones and to each other, either 
directly or indirectly (by tendons), and the bones, joints, and muscles move in perfect harmony (the bones being 
unyielding or rigid), it follows that the osseous system acts as an artificial break or boundary to the muscular 
one — hence the arbitrary division of muscles into extensors and flexors, pronators and supinators, abductors and 
adductors, &c. Instead, however, of dividing the muscles into two opposing, disjointed sets, it would be more in- 
telligible, and, I believe, more philosophical, to regard them as forming continuous muscular circles or cycles bisected 
by bones, the articular surfaces of which enable the cycles to move the bones with absolute precision in any 
direction desired. If this plan be adopted, the voluntary system of muscles is readily assimilated to the involuntary, 
and both are referred to their original, the continuous elementary fibre. This view is favoured by analogy, and by the 
fact that the muscular system in the higher Vertebrates is in a state of rest (the so-called tonicity of authors), that 
is, equally balanced or oscillating between two imaginary fixed points, and ready to act, through its extensors and 
flexors, abductors and adductors, pronators and supinators, with surprising rapidity ; the contraction of the ex- 
tensors on all occasions involving, but not causing, the relaxation of the flexors, and vice, versd. The most highly 
organised animal may, in this sense, be regarded as a living mass whose parte (hard, soft, and otherwise) are 
accurately adapted to each other, every part reciprocating with scrupulous exactitude, and rendering it difficult 
to determine where motion begins and where it terminates, 
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Similar remarks, but in a modified sense, apply to the involuntary hollow muscles, such as the heart, oesophagus, 
stomach, rectum, bladder, uterus, &c. 

In these there is a distinct double power of opening and closing, these movements being spontaneous and 
independent of each other. 

By ascribing to the sarcous elements of muscles, and the muscles themselves, a double power, namely, a 
centrifugal and a centripetal power, whereby they can close, contract, and shorten on the one hand, and open, expand, 
and elongate on the other, all the difficulties connected with muscular action are obviated. The subject is further 
elucidated by regarding the closing or centripetal and the opening or centrifugal movements as both vital in their 
nature, as we in this way get rid to a large extent of elasticity as a supposed prominent and necessary factor in 
muscular movements. By investing the sarcous elements of muscles with the double power in question we assimi- 
late their movements to those witnessed in protoplasm, in white blood-corpuscles, in amoebae, pseudopodia, &c. We, 
in fact, invest muscle with a certain degree of pushing or aggressive power which is fundamental in all vital move- 
ments. Animals directly or indirectly advance and throw themselves upon their prey, and the centrifugal advancing 
power is, in some senses, more important than the centripetal or retreating power. Even plants are aggressive as 
far as the search for food is concerned. The roots, branches, and leaves continue to advance so long as plants 
grow. Whenever advance and growth cease, and a condition of stasis sets in, the plant is on the high road to 
decay. Plants, like animals, possess a centrifugal and a centripetal power ; the former enabling the plant to seize 
the elements required for food, and the latter enabling it to draw in the elements necessary as food into its interior, 
where they are assimilated. 

All cell growth and transformation are the result of atomic and molecular motion, and as cells reproduce 
themselves endogenously, exogenously, fissiparously, and gemmiparously, the movements are at once extensive and 
varied. 

The elaboration of cells into tissues likewise necessitates movements. Further, the various processes in plants 
and in animals, such as digestion, assimilation, secretion, excretion, muscular and nerve action, &c., are the outcome 
of movements. The living plant and animal, the simplest and the most complex, are fundamentally moving masses 
of sentient protoplasm, and it is only by studying protoplasm and protoplasmic formations and movements that we 
can hope to get a real insight into the economy of plants and animals in their entirety. 

If we could peer into the interior of a plant or an animal, and our eyes were equal to the occasion, an unparal- 
lelled scene of activity would meet our gaze ; gases, fluids, semi-solids, and solids all hurrying hither and thither in 
the most complex and bewildering manner, yet all according to law and order. Indeed all the most wonderful, 
if not the most beautiful, parts of plants and animals, are concealed by non-transparent tissues and integuments. 

Electricians are sanguine enough to believe that at no very distant day a light, sufficiently powerful, will be 
devised to make all living bodies diaphanous. Should that day ever come, biology and physiology will enter on 
a new era. Then we shall see face to face, and not through a glass darkly, as at present. The discovery of Rontgen 
rays is a step in the direction indicated, and already the bones can be photographed within the muscular cycles 
which actuate them. By th^se means also foreign substances, which have gained surreptitious entrance into the 
body, can be detected. 

The movements of transparent living matter are of the utmost consequence in biology and physiology, and 
this fact invests the study of transparent rudimentary plant and animal forms with ever-increasing interest. 

The simplest plants known are the unicellular plants, of which the yeast and snow plants are examples. These 
low rudimentary forms are perfect in their way. They live, grow, and reproduce themselves with as much certainty 
as the higher forms. They are literally foci of force and movement. 

Many of the spores of plants move, some by means of cilia, some by flagella, and some in virtue of their spiral 
shape. It not unfrequently happens that the young of plants move freely about until they find a suitable habitat, 
when they cast anchor, develop roots, and fix themselves. Similar remarks are to be made of animals — sponges, for 
example. The sensitive and insectivorous plants, though fixed, are continuously in motion, and so of many fixed 
animals. 

Plants circulate their nutritious juices ; they respire ; they secrete and excrete ; they grow and reproduce 
themselves ; they move in all their parts. Plants close and open their leaves and the stoma ta contained in the 
leaves ; they are more active during the day than during the night, and in summer than in winter. The stem 
grows in length and in breadth ; the roots shoot downwards and outwards ; the branches upwards and outwards ; 
and the leaves in a great variety of directions. The stems, roots, branches, and leaves often move in a spiral 
manner. They perform movements of gyration, circumnutation, &c. 

The movements of animal protoplasm are, if possible, more interesting than those of vegetable protoplasm. 

Some authors maintain that vegetable and animal protoplasm are not only similar but identical. This 
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subject is still svb judice. Kiihne showed that vegetable protoplasm placed within the intestine of a cockchafer 
contracts like a muscle under the influence of electricity. 

The movements of the white blood-corpuscles in red-blooded animals are especially deserving of study. In 
slight local inflammations, such as are produced in the mesentery of a mouse by applying a weak solution of 
mustard, the corpuscles in question are seen by the aid of the microscope to adhere to the interior of the capillary 
blood-vessels, and gradually to force themselves through the capillary walls, assuming, as they do so, a great variety 
of shapes. What generally happens, and what I myself have frequently observed, is this : the corpuscle projects 
from its substance a wedge-shaped portion, which is forced into the capillary wall ; the remainder of the corpuscle 
streams through the aperture so produced by what appears to be a pushing movement ; once outside the capillary 
vessels the corpuscle assumes its spherical form. The white blood-corpuscles are endowed with independent 
vital movements. They are also credited with the power of combating and destroying inimical living organisms 
which invade the blood and engender disease, often of a fatal character. 

That living organisms do infest the blood is proved beyond doubt by their being found in certain cases in 
large numbers in the blood-plasma and within the red and white blood-corpuscles. This happens in malaria and 
other diseases, as proved by the aid of the microscope. As the red blood-corpuscle in man measures only from the 
ft flVi» to the 40 , 00 of an inch in diameter, I leave it to be inferred how very minute the malarial microbes are. A&* 
a matter of fact, some of them have a diameter of only the i0 Juw °f an ^ nc ^ i or thereby. 

The manner in which malaria, plague, sleeping sickness, and other diseases are produced is now well under- 
stood. The malarial and other microbes are introduced into the human skin and fluids of the body by the bit^ 
of certain mosquitoes, the tsetse and other flies, and float about in the blood-plasma, where certain of them enter 
the red and white blood-corpuscles, which act as hosts to the invaders. As the red and white blood-globules and 
the microbes are both in motion, their coming in contact is generally a mere matter of time (Figs. 61 and 62, 
page 306 ; Plate lxxxii., Fig. 1, page 313). 

Professor Huxley has figured the amoeboid movements of the blood-corpuscles of the cray-fish (Plate lxxix., Fig. 6, 
page 308). 

It may be useful if at this stage I give a short account of the amoeba, paramecium, gromia, and other 
rudimentary animal forms which supply information of a very important character, not only as regards movement, 
but also as regards organisation and reproduction. 

RUDIMENTARY FORMS IN RELATION TO MOVEMENT, REPRODUCTION, AND LIFE 

§6o. Amoeba Proteus. 

The amoeba is deserving of very special attention for three things : (a) its simplicity of structure ; (b) its 
universality of function ; and (c) its extraordinary power of movement. 

It is a rudimentary microscopic organism, varying from the n V to the T J 5 of an inch in diameter, and is found 
in the mud of streams and ponds. It has no definite shape, and resembles a drop of semi-liquid jelly. 

It is a type of the sub-kingdom Protozoa, and consists of a simple cell ; it is an example of the phylum Gymnomyxn 
(naked jelly), its protoplasm being freely exposed to the surrounding water and its whole body performing the 
functions of ingestion, egestion, assimilation, respiration, reproduction, movement of various kinds, a low form of 
sensation. &c. It is representative of the class Rhizopoda, as it throws out blunt pseudopodia or fake feet from its 
substance. 

The amceba. designated Amoeba proteus from its ever- varying shape, consists of a thin superficial layer of dense 
clear protoplasm (eriopUtsm) % and a thinner interior protoplasm (endoplasm). In the latter are found food-vacuoles 
with or without food ; a large contractile vacuole, filled with clear fluid, and a nucleus composed of mmteoplmsm. 
The food- vacuoles occupy various positions ; any part of the amoeba becoming a temporary stomach. The con- 
tractile vacuole is endowed with the extraordinary power of closing and opening by centripetal and centrifugal 
rhythmic movements, similar to those occurring in highly-differentiated hearts ; the vacuole opening slowly and 
closing or contracting somewhat suddenly. The contracting vacuole communicates by a minute temporary canal 
with the exterior, by which it ejects its fluid. It is believed to be an excretory organ for the removal of 
nitrogenous products. 

The other matters found in the endoplasm consist of minute granules, small regular crystals, and sand and 
other grains. The amoeba, it will be seen, is very tar from being homogeneous in composition, although usually 
regarded as such. 

The general appearance of the amceba is given at Fig. 68. 
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force, and it takes an effort to realise the amazing potentialities of both. At the very threshold of animal existence, 
so to speak, we are confronted with tiny microscopic beings which are, in the ordinary sense, structureless, but 
which nevertheless are endowed with powers and properties which enable them to live amongst matter, to select, 
assimilate, and incorporate certain portions of it, and to reject other portions ; to employ or set aside the forces 
inhering in the matter ; to feed, secrete, and excrete ; to respire ; to perform the function of reproduction ; and 
to move voluntarily in all their parts and particles to given ends, as happens in the higher animals. No nervous 
system can be traced in the amoeba. It, however, possesses a nervous system potentially. 

The movements of the amoeba cannot be too carefully studied. In them, it appears to me, are to be found the 
types, models, and principles of organic movement as a whole. They wonderfully resemble, as already indicated, 
the movements of the sarcous elements of muscles, on which not only locomotion, but alimentation, respiration, 
circulation, urination, defsecation, and parturition in the higher animals depend. 

If an adult healthy amoeba be examined by the aid of the microscope in a good light it will be seen to move 
wholly or in part. The manner of its movement is peculiar. Its substance flows out in wedge-shaped portions in 
an aggressive, centrifugal manner. It invades territory, and it envelops food by throwing itself upon or over 
it. In the advancing, aggressive movement there is no trace of constriction or contraction of any kind in the 
substance or body of the amoeba. The parts thus advanced are, as a rule, numerous ; the animal as it were 
streaming from a central point by means of blunt pseudopods in skirmishing order. When one or more pseud opods 
encounter a food particle they, with the captured food particle, are withdrawn into the substance and central mass 
of the animal by retreating, centripetal movements which are the converse of the original aggressive., centrifugal 
movements. As in the centrifugal movements there was no trace anywhere of constriction or contraction, so 
in the centripetal movements there is no trace of elasticity. The centripetal and centrifugal movements are 
spontaneous, rhythmic, vital movements, and are not dependent on either contraction or elasticity ; neither are 
they due to irritability or stimulation of any kind. They are voluntary flow-and-ebb movements, and have equal 
values. Their function is obvious. They are for the purpose of securing food. When the protoplasm of the 
amoeba flows as a mass and as a whole in a particular direction, the animal progresses and changes locality. In 
the movements of the amoeba there is no increase or diminution of bulk ; the sarcode advancing or retiring in 
wave -fashion, in good order, and deliberately. The amoeba may arrange its substance by an elongating movement 
of its protoplasm, say from right to left at one time, and at another at right angles by a counter movement, in which 
case the phenomena witnessed in the sarcous elements of muscles during relaxation and contraction are accurately 
reproduced. In relaxing and contracting muscles the long axes of their sarcous elements are always arranged at 
right angles to each other. 

§ 61. Paramecium caudatum. 

The paramecium is a minute, comparatively simple organism which inhabits fresh water and can be seen with 
the naked eye. It is a type of the sub-kingdom Protozoa, being composed of a single cell with all its activities 
confined thereto ; it is a representative of the Corticata, as it is limited by a cortex and has a definite shape ; it 
belongs to the class Ciliata, cilia forming its means of propulsion. 

I append a figure of it (Fig. 69) as enlarged 60 diameters. 

The paramecium is an advance on the amoeba, having a definite shape, a limiting cortex, a mouth, an imperfect 
anus, cilia for propulsion and securing food, and the power of causing the food to gyrate within its substance in a 
given direction. It reproduces itself by a double process of fission and conjugation, whereby two separate individuals 
complete the reproductive act. 

The body of the paramecium is soft, flexible, cylindrical and oval-shaped, with a dorsal and ventral surface. It 
consists essentially of two parts : (a) an internal semi-fluid protoplasm in which are found a double nucleus, two con- 
tractile vacuoles, food-vacuoles and food particles, and, at the periphery, a number of trichocysts with stings ; and 
(b) an external hardened layer of protoplasm designated the cortex, which is covered with a thin hyaline cuticle. In 
the cortex are found a mouth, an imperfect anus, and numerous apertures, through which protrude a large number 
of delicate hair-like processes (cilia) and the stings from the trichocysts. The hair-like processes or cilia, which are 
scattered all over the body and are freely movable, serve at once for propulsion and for securing food ; those near 
the mouth producing artificial water currents in particular directions for the latter purpose. 

The possession of cilia constitutes an important departure in the locomotion of the animal, as these hair-like 
processes are all under control, and can be made to move in rhythmic waves in any direction required, either for the 
production of food currents or for propulsion. The cilia perform a double function, that is, they can either propel 
the body as a whole, or simply produce water-currents to collect and bear food to the oral aperture. The ciliary 
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movements are spontaneous, voluntary, and very carefully co-ordinated. Ab a consequence, the animal can dart 
about and lash into its mouth by the aid of artificial water-currents any food in its vicinity. 

The movements of paramecium, as seen under the microscope, are at once striking and interesting. The little 
creature dashes about at great speed without any apparent means of locomotion ; the cilia being so tine as to escape 
observation when moving quickly. The careering of the paramecium is regulated with the utmost precision ; the 
little creatures avoiding each other and obstacles of every kind with amazing agility. The movements of paramecium 
are unquestionably under control, and must be regarded as voluntary in character, in which respect they resemble 
the movements in the higher animals. They are not due to a muscular or nervous system, neither of which are 
present. Neither are they due to irritability or extraneous stimulation or reflex action of any kind. The existence 
of direct, spontaneous, voluntary, co-ordinated movements in the paramecium, as apart from nerves, muscles, and 
other differentiated structures, proves conclusively that rudimentary, undifferentiated, living matter contains in the 
atoms and molecules of its substance, in a potential form, many, if not all, the 
peculiarities and powers residing in the most highly organised living matter. This j 

is a subject of great importance, and cannot be too seriously pondered, as it bears \ ■ < j 

directly upon a First Cause, Design, and means to ends. \ N ^rt*fr^>-''' 

The mouth of the paramecium is situated on the side of the body in a cone- ., f\ -'..'j,- \ 

shaped depression or slit {vestibule) at the junction of the posterior and middle third A*~--M.-"''f' : - : '^-^% 
of the ventral surface, and in its immediate vicinity is found the imperfect anus. j.-" 3 , ' t~~\'~y~' 

By the mouth the food, generally microscopic alga?, enters and is made to gyrate 
within the body {vide darts) in a manner not unlike that by which the food (chyme) 
is made to travel round the greater and lesser curvatures of the human stomach. 

The contractile vacuoles, two in number, possess the remarkable centrifugal and 
centripetal opening and closing movements described in the amceba. There can be 
no doubt that these movements are fundamental. This seems proved by the fact 
that they occur in the most rudimentary and most complex organisms alike. They 
are connected with the intake and output of extraneous matters, in alimentation, 
respiration, circulation, secretion, excretion, reproduction, &c. In all animals, be 
they small or great, simple or complex, provision must be made for the intake, 
circulation, assimilation, and output of extraneous matter in a gaseous, liquid, or „ h > ; - W-— Showswiult ipedraeoof 

. J ° 1 — 1 1 Paramecium, lateral view ; anterior 

solid form. Even the simplest cell must be so endowed. end downwards, x so. a, mouth : 

The nuclei are two in number, namely, a large oval-shaped macro-nucleus and a **. *JS~tt . "thread of ■ ''' 
small micro-nucleus. The nuclei are important from a reproductive point of view, one of" the contracting vacuoles; 
When reproduction takes place the nuclei divide; the reproductive process being 'v^'"^"/^^.^^'- 1 micro- 
subsequently completed by a union or conjugation of two separate individuals, thought nucleus. The darts indicate the 
by .om. to represent male and female element*. SSJd&SXoA SOS* 

" During the reproductive process two individuals are in close contact along 
their ventral surface, their protoplasm becoming continuous through their mouths. The essential changes are 
as follows : — 

" 1. In each individual the macro-nucleus breaks up and disintegrates, to be thrown out or absorbed, and the 
micro-nucleus grows rapidly, and then divides by two rapid divisions into four, two of these pieces being absorbed. 
Thus by these processes the macro-nucleus and micro-nucleus are now reduced to two fragments of a micro-nucleus. 
The fragments are each one-fourth part of the original overgrown micro-nucleus. 

" 2. In each individual one of the parts moves across into the other individual, and fuses with the remaining 
part of that individual. Sometimes the migrating parts are termed the male pronuclei, and the other two the female 
pronuclei. 

" 3. Soon after this, communication between the two individuals becomes interrupted, and they part. In the 
meanwhile the single-fused nucleus in each divides into two and then into four, so that each individual has then four 
nuclei. 

"4. Two quarters pass to each end of the animal and binary fission takes place. One quarter grows into a 
macro-nucleus and the other remains a micro-nucleus. The result is a pair of each offspring with a macro-nucleus 
and a micro-nucleus." ' 

The process of conjugation by which the reproductive act is completed, and which requires two separate 
individuals for its consummation, has an obvious connection with reproduction in the higher animals, so that viewed 
from the three important points of alimentation, locomotion, and reproduction, the paramecium may be aaid to 
' "Text-tioolt of Zoology," hy Arthur T. Hn.it email, M.A. (Catitah. 1, II. Sr. (London and St. Andrews). F.R.S.E. 1901, up. 91 and 92. 
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i the roots of life as witnessed in many of the more highly differentiated and complex organisms. Thi 
potentialities of life receive in paramecium a new and convincing illustration. 

Every one who studies the movements of paramecium must be struck with their rapidity, grace, and purpose 
like character. It is not possible to regard them as haphazard, reflex, or in any way due to irritability, extraneoui 
stimulation, or elasticity. The paramecium is in no sense an automaton. 



§62. Gromia. 

The gromia, like the amoeba and paramecium, is a rudimentary, unicellular, microscopic animal. It belongs te 
the great group of the Foraminifera, which occurs in incalculable numbers in the ocean, and which has played a most 
important part in the chalk and limestone formations of the earth's crust from the earliest times. The Forami- 
nifera are remarkable for their minuteness, the extraordinary beauty 
and variety of their shells, and the delicate colours occasionally dis- 
played by them. Plancus counted as many as 6000 in an ounce ol 
sand from the Adriatic. They are found in. millions on the surface 
and at the bottom of the sea. In the former situation they form a 
variously -coloured scum, and in the latter they cover thousands of 
square miles of the ocean bed with a pinkish-white mud, formed chiefly 
by their skeletons. The shells of the Foraminifera, as a rule, vary 
from the T £ to the ;} B of an inch in diameter. There are, however, 
genera such as OrbUolUes which measure T 7 of an inch in diameter. 
There are also Nummulitea with a diameter of 4J inches, while the 
genera Carpentaria and Polytrema measure as much as 5 inches in 
breadth, and have a thickness of from 1 j to 2 inches. 

" The Foraminifera have in past geological times been among the 
most active agents in building up the sedimentary rock masses of the 
earth, by secreting the carbonate of lime from the waters of the ocean. 
enai't'vc /ivinK ^is work is still being carried on by them around the shores of 
continents, where their accumulated shells go to form, along with the 
land debris, the terrigenous deposits, and cover large areas of the ocean 
floor, where, intermixed with coccoliths, they form the well-known 
Globigerina ooze. 

"The organic rocks formed by the agency of Foraminifera are 
often of very great thickness and extent, and foraminiferal rocks are 
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The most remarkable feature of the Foraminifera is the construc- 
tion of the shell. This, usually formed of carbonate of lime, is of 
every conceivable shape ; varying from the simple sphere and the plain, 
nearly straight tube to the most exquisitely curved and ornamented 
spiral. I give selected examples in considerable numbers in another part of the work (Plates xiii. and xiv.). 
The marvel, and it is a great and significant one, consists in the fact that a rudimentary animal, low down 
in the scale of being, consisting of a single cell of sarcode with no visible differentiation other than is provided 
by a nucleus and contractile vesicle, and with no tissues or organs such as nerves, muscles, glands, &c., can, 
nevertheless, produce the most extraordinarily complicated and elaborate shells known, both as regards the 
variety of the material employed and the perfection and beauty of design of the finished work. In this we 
have another and striking example of the potentiality of living matter. The marvel can only be explained in 
one of two ways ; either the great First Cause works in and through the apparently simple homogeneous sarcode 
and directs its atoms and molecules in the direction required ; or the sarcode formed by the atoms and molecules 
is not simple as is generally believed, but differentiated in a way and to an extent of which we have at present 
no knowledge and of which we can take no cognisance. This follows, because while the sarcode or substance 
of each animal is apparently identical, the shells, as stated, vary infinitely as regards general design and detail. 
They also vary as regards material, being sometimes formed of a membrane, sometimes of a chitinous sub- 
Btance, sometimes of carbonate of lime, and sometimes of sand-grains and adventitious matters such as sponge 
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spicules, Ac. Similar variations to those witnessed in shell formation can be traced in the several reproductive 
processes. The molecular reproductive elements, whether belonging to a simple cellular animal, a hermaphrodite, 
or a bisexual individual, are, according to popular belief, homogeneous and identical. They are not really bo. Each 
animal only produces its own kind. With the physical conditions of reproduction as regards atmosphere, heat, 
moisture, &c., practically the same, the presence of heterogeneous molecules, that is, molecules varying in shape, 
properties, and powers, and variously assorted and arranged, and with potentialities all their own, becomes a necessity. 
From homogeneous identical living matter, only one kind of animal could possibly be obtained. 

What is true of the molecular basis of reproduction in the aggregate is equally true of the particular Barcode 
or elementary life stuff of the Foraminifera. To obtain different structures and types even ai shells requires 
peculiarities and special powers in the molecules of the sarcode. There is no logical escape from the belief here 
expressed. 

The following is the account given of gromia by Dr. Carpenter, 1 who devoted much attention to the subject : — 
"In the Gromite, some forms of which inhabit fresh waters, whilst others are marine, the sarcode body, which is 
of essentially the same character with that of Lieberkueknia, is enclosed in a yellowish brown membranous " test " 





?d 200 ilin- Flo. 72.— XtphacatUha murrayana, magnified 100 

diameters. Shows symmetrical, conceutric, and radiat- 
ing arrangement of parts (alter Wyville Thomson). 

of ovoidal shape, with a single round orifice of moderate size, through which the protoplasmic substance extends 
itself from the interior through the surrounding medium. When the animal is in a state of rest the whole of this 
is drawn within the test ; and when its activity recommences single fine processes are first put forth, which move 
about in a groping manner until they find some surface to which they may attach themselves. When this attach- 
ment has taken place new sarcode flows into them, so that they speedily increase in Bize ; and they then elongate 
themselves by sending out finer ramifying processes, which, in diverging from each other, come into contact with 
those proceeding from other stems, and, by mutual fusion, form a set of inosculations or connecting bridges 
between the different systems of ramifications, so that the whole becomes a complicated network extending to a 
distance of six or eight times the length of the body. This network continues to undergo incessant changes, new 
filaments being put forth in different directions, sometimes from its margin, sometimes from the midst of its 
ramifications, whilst others are retracted. Not unfrequently it happens that at a spot where two or more filaments 
meet and fuse together a lamina is formed by the expansion of the viscous protoplasm that flows towards this point ; 
and from such an expansion a new set of thread-like processes is given off, as from the central body." 

The general appearance presented by a living gromia is given at Fig. 70 (see also Plate lixx., Fig. 3, page 309). 

The Foraminifera have been divided into two kinds, namely (a) those with one large aperture .through which 
the pseudopodia stream and radiate, and (6) those with perforated shells which give additional outlets for the sarcode 
in its active state. In both arrangements the sarcode behaves in exactly the same manner ; it exhibits a centri- 
fugal and centripetal rhythmic action : in other words, it flows and streams out of the shell centrifugally in virtually 
straight lines in a radiating manner ; the object being to secure food, fix itself, or change its locality. The 
streaming of the sarcode in thread-like pseudopodia affords the simplest and best example known of vital force 

1 " Introduction to the Study of the Foraminifet*. " 
VOL. I. 2d 
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acting at first hand. The streaming is spontaneous and voluntary, and has no connection with contraction or 
elasticity, with irritability or extraneous stimulation, or with reflexes of any kind. The centrifugal, streaming, 
radiating, pseudopodic movements, with their concomitant centripetal, retiring, or returning movements, are never 
haphazard or accidental. They are, in the strictest sense of the term, voluntary, co-ordinated, purpose-like move- 
ments ; the object of the double movement being to secure food and convey it into the interior of the body. 

As showing common ground between force, growth, and structure, examples are numerous among the Foraminifera 
and allied groups, where spines and hard permanent substances are developed and arranged in a manner altogether 
resembling the distribution and arrangement of the soft, streaming, thread-like pseudopodia described. In such 
cases a symmetrical appearance results. In certain instances an internal skeleton makes its appearance, and when 
it does, it, for the most part, assumes a concentric, radiating, symmetrical arrangement frequently met with in crystals, 
plants, and various parts of the higher animals. 

The concentric, radiating arrangement referred to is seen in the Radiolaria, the characteristic feature of which 
is the presence of a membranous " central capsule " which divides the body into two zones, an intra-capsula zone 

including the nucleus, and an extra-capsula zone from 
which the pseudopodia and spines radiate (Figs. 71 
and 72). 

The body of the Foraminifera consists generally of 
a transparent sarcode or protoplasm ; the sarcode being 
occasionally of a brown, pink, or violet tint. The 
animal is for the most part divided into segments or 
compartments by septa or divisions in the shell ; the 
sarcode of each compartment being united by slender 
threads (stolons) of that material. The continuity of 
the substance of the animal is thus secured. 

The Foraminifera, like other Protozoa, possess a 
nucleus with, in some cases, nucleoli. They also, in not 
a few cases, possess contractile vacuoles. The nucleus 

,, . . , . , . , „ ,. , „ and nucleoli which are immediately connected with 
Fiq. 73.— Kuyokinetw division or the nucleiu in AcaatkoeytUt («fter J 

Sehandinn). reproduction are frequently covered with fine strands 

of chromatin. The nucleus sometimes divides by binary 
fission, at other times the nucleoli form a morula-like centre inside the nucleus, the protoplasm outside the 
nucleus invading it and breaking it up into globules ; on other occasions, as shown by Lister in the nucleus of 
PolystomeUa crista, a karyokinetic division of the nucleus takes place similar to what is seen at Fig. 73. 

In this figure (73) the radiating arrangement of parts is seen to great advantage, and one cannot help feeling 
that the lines of force and of growth are in this, as in many other cases, more or less identical. 

The Protozoa, of which gromia, paramecium, and amceba are examples, have been conveniently divided by Messrs. 
Parker and Haswell l into five classes, which I take the liberty of quoting, the more especially as each class is accom- 
panied by a useful definition : — 

"Class 1, — Rhizopoda. Protozoa in which the amoeboid form is predominant, the animal always forming 
peeudopods. Flagella are often present in the young, and occasionally in the adult. EncyBtation frequently occurs. 

" Class 2. — Mycetozoa. Terrestrial Protozoa in which the plasmodial phase is specially characteristic, as is also 
the formation of large and often complex cysts. 

" Class 3. — Mastigopkora. Protozoa in which the flagellate form is predominant, although the amoeboid and 
encysted conditions frequently occur. 

" Class 4. — Sporozoa. Parasitic Protozoa without organs of locomotion in the adult. Encystation is almost 
universal, and in the young may be flagellate or amoeboid. 

" Class 5. — Infusoria. Protozoa which are always ciliated, either throughout life or in the young condition." 

The five classes enumerated introduce us to some important distinctions which will be very useful in dealing 
with other rudimentary forms now to be considered. 

S 63. The Mycetozoa. 

Perhaps the lowest animal form — if as animal it can be regarded— is supplied by the Mycetozoa. This I 
have figured and described at length at section 57, Fig. 59, p. 302. It may suffice to say here that it occupies 

1 "A Text-book of Zoology," vol. i. pp. 43, 44. Mauinilliiii, 1897. 
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the very border line as between the plant and animal. It was long regarded as a plant, and it 
years that testimony has accumulated in favour of its being an animal. 1 

Mr. Saville Kent traces a connection between the Mycetozoa and the Spongiidaa ; the resemblance extending 
to the fission or amoebic state, to the production in both of spores with flagella or cilia of some kind, to the encysted 
or resting, hibernating condition, and to the presence in both of rudimentary skeletons in the shape of horn-like 
elements or keratose, and spicule-like bodies of carbonate of lime. 



,t 



S 64. Zooids and Monads. 

These are amongst the simplest of living animals. They have separate and combined existences. In other 
words, they are sometimes found single either in the young or adult condition, and sometimes they are combined to 
form colonies. The best examples occur in the Infusoria and in the Spongiida?, which have certain features in common, 
as proved by the presence in all, in some shape or other, of 

protoplasm, spores, flagella, cilia, Ac. The protoplasm, spores, " ■ ■'- 

flagella, and cilia are also met with in the embryo of the 
Annelida, Echinodermata, Molluscs, and other invertebrate types. 

The presence in incalculable numbers in the air, in streams, 
lakes, and the ocean of minute rudimentary plant and animal 
forms is a subject of supreme interest to the reflective mind. 
There is practically no limit to life, for the most minute living 
object yet discovered by the aid of the microscope may be 
resolved into its component parts and beginnings ; these being 
molecular and invisible in their nature. The more rudimentary 
and minute the plant and animal forms, the more persistent and 
indestructible in many cases are they. These low types in their 
germinal orsporular condition can successfully resist temperatures 
which are fatal to higher organisms. They are proof against 
boiling water and even higher degrees of heat. So far as ex- 
traneous and climatic conditions are concerned they are practi- 
cally indestructible. 

The mere minuteness of an organism does not limit or 
determine its capacities and powers, and there can be little doubt 
that unicellular plants and animals are capable of unlimited 
differentiation in the highest or ultimate sense, that is, in the 
molecular sense. It is in the atomic and molecular region that 
the organic meets the inorganic. 

It would be a hopeless task to attempt to deal even in a 
general way with the countless multitudes of infinitely minute 
and all but invisible rudimentary plant and animal forms. It 
will be enough to state that they are each and all separate 
individuals or entities, and reproduce only their own kind. I 
propose, therefore, to describe very shortly, as representatives of 
their class, only two of the unicellular organisms, namely, the 
collared monad {Monosiga gracilis, S. K.) and the vorticella 
(VorticeUa nebidifera). 

The monad falls first to be considered. This simple, minute 
rudimentary animal consists of the following parts : — 

(a) An elegant pear-shaped body supported by a slender contractile v 
stem, by which it attaches itself to fortuitous objects. 

(6) A tapering vibratile hair or nagellum projecting from its upper end. 

(c) A delicate funnel-shaped frill or collar fixed to the upper part of the body and investing or surrounding the 
nagellum. 

(d) A nucleus or endoplast. 

(e) Several contractile vesicles. 

1 "Manual of the Infusoria," by W. Saville Kent, F.L.S., F.Z.S., F.R.M.S. London, 1881. 




— Collared monad [Munoaiya gracilis), artificially 
-mine and greatly magnified (W. Saville Kent). 
The animal consists of a pear-shaped body attached to a 
pedicle or stem (broken oil) surmounted by an elegant collar 
resembling an egg-cup in shape (rf). From the highest 
portion of the body projects a fl&gellum or hair-like process 
(/0. which by its varied movements creates currents in tho 
water, and causes the food particles therein to float into and 
down the open collar (see arrows), where they are in a position 
'- 'e utilised by the body, fg, fg, Food granules; a, ev, 
nicies ; n, nucleus. 
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(/) A large number of food globules and food particles. These are seen to advantage when the animal is 
artificially fed on carmine, as was done in the case represented by Fig. 74. 

All the parts enumerated are of the simplest description. The animal is unicellular and composed of proto- 
plasm, no structure in the ordinary sense being anywhere perceptible. Notwithstanding its extreme simplicity it 
can live, secure and assimilate food, grow, and reproduce itself. The manner in which it supplies itself with food 
is the most ingenious and effective possible. It causes its flagellum to perform a rotatory vibratile movement within 
the funnel-shaped collar in such a manner as to produce in the water in which it lives a series of well-directed 
currents, which cause the food particles in its vicinity to travel upwards on the outside of its collar and then to turn 
over and travel downwards on the inside of the collar until they reach the body, where they are ultimately incor- 
porated. Here we have an example of a simple organism performing voluntary co-ordinated movements to a given 
end, no trace of nerve, muscle, gland, or other structure being present. The movements of the flagellum are 
evidently controlled, and they are the outcome of arrangement and design as surely as are the movements of the 
higher animals devised for a similar purpose. Nor are the means of digesting the food so scientifically secured less 
effective. There is no stomach, nevertheless the food is taken into the protoplasm of the body and digested and 
assimilated, and the effete or waste products extruded without difficulty. As a matter of fact, every part of the 
body becomes a stomach pro tern, when food has to be negotiated. 

That the monad is a living entity is proved by its life history and by the presence of a nucleus and contractile 
vesicles in its body ; these being entrusted with important functions. The latter (contractile vesicles) pulsate 
rhythmically, and are endowed with centrifugal and centripetal movements like the heart in the higher animals. 
The body and collar are endowed with similar movements. All parts of the monad move independently. The nucleus 
during the reproductive process divides into two ; it, with the protoplasm of the body, ultimately becoming two 
separate individuals. Reproduction in the monad may occur in three ways : (a) by longitudinal division, (6) by 
transverse division, and (c) by the animal assuming the amoeboid and encysted forms prior to the cleavage. It 
occasionally happens that two monads unite and fuse and become one individual. All the functions of life are 
satisfactorily discharged by the monad, simple though it be. 

§65. Vorticella- 

The vorticella is quite as interesting and instructive as the monad. This is one of the most elegant, active, and 
wonderful of rudimentary animals. It can just be seen with the naked eye, and occurs both in salt and fresh water. 
The salt and fresh-water specimens closely resemble each other. The following account applies mainly to the larger 
fresh water-forms. 

A fresh-water vorticella in the expanded condition consists of : — 

(a) A cup-shaped body with a spiral stem, by which it fixes itself to plants or other objects, and by which it 
can advance or withdraw its body at pleasure. Occasionally it dispenses with the stem and swims freely. 

(b) A row of cilia attached near a prominent spiral rim (peristome) at the upper, distal, or free end of the body. 

(c) A vestibule and pharynx conducting to the ventral surface of the body. 

(d) An anus through which faecal matters are extruded at intervals. 

(e) Food- vacuoles which circulate within the endosare or internal fluid protoplasm. 
(/) A pulsating vacuole endowed with centripetal and centrifugal movements. 

(g) An elongated, curved, rod-like nucleus (Fig. 75). 

The vorticella is a protozoon, and the entire animal (the stem included) consists of a single cell, in which respect 
it resembles the amoeba, gromia, and paramecium already described. The body is composed of protoplasm or 
sarcode, which as in paramecium is divided into an outer, firmer layer (ectosarc) and a central, more fluid mass (endosare). 
The stalk, which is supplied with a spiral, contractile fibre or band, is composed of ectosarc alone. The stalk of 
the vorticella affords a beautiful example of a specially-constructed spiral spring, the movements of which are 
regulated by the animal. They are very little due to elasticity. 

The cilia, which are situated in a spiral groove between the disc and peristome, and also in the vestibule and 
pharynx, are exceedingly sensitive, and can be moved voluntarily in consecutive order and in specific directions ; 
the object being to produce fluid currents which sweep food into the pharynx and body. The ciliary movements 
are co-ordinated and spontaneous in a marked degree, and the same is to be said of the spiral movements of the 
stem. These are perfectly under control, and no more beautiful sight can be witnessed than is afforded by a group 
of vorticellse feeding under natural conditions. The cilia are in constant motion, and the body is advanced gently 
and made to grope about in search of food. If it touches anything suspicious or doubtful it is instantly withdrawn, 
to be again cautiously and slowly projected. As to the voluntary nature of all the movements of the vorticella there 
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can be no doubt whatever. Not only do the body, stem, and cilia of the vorticellti move in a co-ordinated manner, 
but the several parts of the body move ; each part having the power of contracting centripetally and dilating centri- 
fugaliy. This power of changing shape in every part ia vouchsafed to all, or nearly all, the rudimentary forms. The 
movements in the vorticella and other rudimentary animals are spontaneous and independent, and are not due to 
reflex action, irritability, or extraneous stimulation of any kind. Neither are they, in any sense, caused by elasticity. 

The pulsating vacuole displays centripetal and centrifugal rhythmic movements similar to those seen in the 
amoeba, paramecium, &c. 

There is no more striking phenomenon in living organisms than is supplied by the throbbing or pulsating move- 
ments in question. They appear equally in the simplest and most complex animals, and are, in a sense, coeval with 
life itself. 

The vorticella reproduces itself by longitudinal division. A constriction or dividing line appears at the distal 



FlO. 75. — A group of Vurticellne magnified 220 diameters (after 
Marshall and Hurst). 

A, B, G. Show the animal in various positions. 

D. A much smaller specimen drawn to the same scale. 

E. A specimen made to contract by the action of alcohol. 

F. A specimen detached from its stalk and swimming away 
freely, disc forward. 

G. H, I. Illustrate three stages of fission. 

J, K, L. Show the separated individual swimming by means 
of the aboral circle of ciha — -K being slightly contracted, and D 
strongly contracted. «, Food-vacuole discharging contents at anus ; 
h, aboral cilia; <-, cilia of the disc; <-/, contractile fibres of the 
stalk ; d, disc ; (/', disc retracted ; jv, food vaouoli ; pk, pharynx ; 
pv, pulsating vacuole; p, peristoma; m, myophan stristion ; 
it, nucleus ; c, vestibule. 

The Vorticelbo are remarkable for their beautiful spiral stems 
and cilia, and the rapidity and grace of their movements. They 
retract and shorten their stems spirally and suddenly, and elongate 
them in similar fashion, slowly, warily, and as if feeling their way. 
The cilia of the cup-shaped discs are continually in motion, and 
convey the idea of rotation. The movements of the stems and 
cilia are voluntary, and under perfect control, as any one may readily 
satisfy himself by careful microscopic examination. The movements 
are necessary to secure food. They are essentially centrifugal and 
centripetal, give-and-take, rhythmic movements. 




end of the body, and extends downwards in the direction of the stem. The body is thus separated into two, both 
halves remaining on the stem. The one half resembles the parent and remains on the stem ; the other, while still 
adhering to the stem, develops, near its base, an aboral circle of cilia, by the aid of which, when it has detached 
itself, it swims away. When a separation is effected the stemless half develops a stalk and fixes itself, the aboral 
- circle of cilia disappearing. The interesting process of fission is completed in from one to two hours. A con- 
verse process is occasionally witnessed, namely, the conjugation or union of two vorticellro. In such cases a small 
vorticella becomes fused with a larger one, of which it remains a permanent part. Not unfrequently after conjuga- 
tion, and probably as a result of it, a process of encystment takes place. In this case the disc of the vorticella is 
retracted, and the cell body becomes rounded and separated from its stalk. Coincident with these changes a cyst 
is secreted and important changes occur in the nucleus. The nucleus enlarges, elongates, and becomes moniliform, 
and ultimately breaks up into a number of spores, which are ovoid bodies provided with a circlet of cilia. When 
the oyst bursts the spores escape and swim freely about. They multiply by fission. Ultimately they fix themselves 
by their ciliary processes, and develop a disc at the other end of the body. The circlet of cilia then disappears, and 
a stem resembling that of the parent is formed. This done, each spore becomes a perfect individual. 

The movements, the method of feeding, and the modes of reproduction in vorticella? are all very exact and per- 
fect in their way. They are plainly the outcome of pre-arrangement and design, and this fact, in conjunction with 



342 DESIGN IN NATURE 

similar facts already recorded when describing the amoeba, gromia, paramecium, and collared monad, point tc 
a finality in living things ; each animal, be it high or low, being perfect in itself — in other words, supreme in it* 
own sphere. 

The zooid and monad, in this sense, are as complete as any of the higher animals, although they have neithei 
brain, nerves, muscles, stomachs, lungs, nor hearts. 

In the lowest plants and animals, the intelligence of the Creator can be traced. In the higher and highest 
plants and animals the power of self-direction and government is gradually and in fuller measure transmitted to the 
individuals themselves, but even in the latter the divine guidance is never wholly withdrawn. Nothing is left tc 
chance in plants and animals, and intelligence reigns supreme throughout the whole organic kingdom. Proof oi 
this is to be found in the fact that millions of bacteria, microbes, and other low forms are incessantly at work 
preparing the earth, the water, and the air as fit habitations for the more advanced plant and animal forms up to 
man himself. 

The preparation here referred to fixes the boundaries to plants and animals alike ; it determines their sphere ol 
action, and the modifications which they may undergo within those spheres so as to secure the most perfect 
adaptation of means to ends under all possible circumstances. 

The whole organic kingdom is conditioned and under control, and boundaries are set to every change which 
occurs in it. The same remark applies to the inorganic kingdom. All matter, living and dead, is controlled. The 
universe is an involved, intricate system of action and reaction, but everything is foreseen and provided for. There 
is no lack of matter or force or of intelligence anywhere. If there were, the inevitable result would be confusion on an 
unprecedentedly extensive scale. There would be an end to the Law, Order, and Design which everywhere appear. 
The universe, as we know it, is a conditioned universe, and the Intelligence which created it in the remote past per- 
vades every part of it at the present day. Matter and space are pervaded by intelligence, and the harmony which 
everywhere obtains is only secured by a rigid adherence to law and order, even in the minutest details. Without 
a presiding intelligence, everything would assuredly suddenly cease and determine. All this points to gradation 
and type and finality and law in the ultimate sense. 

In order to adequately realise the question of gradation and type in rudimentary plants and animals, and in 
order to trace successfully the similarity between crystals, plants, and animals, it is necessary to go into the subject 
in detail and at considerable length, as has been done by the aid of numerous plates and figures, which will be found 
scattered throughout the entire work. The illustrations cover a wide area, but it is hoped they will supply in a 
concrete form much valuable information of a not readily available kind. 

§ 66. Animals specially constructed as Air-breathers and Water-breathers, and for Land, Water, and 
Air Transit. 

It is all but certain from the geological record and the modern fauna that animals were originally created as 
air-breathers and water-breathers. It is equally probable that they were primarily endowed with organs of loco- 
motion adapted to the land, the water, and the air respectively. Both these contentions seem proved by the 
fact that no known animals are at once habitual air-breathers and habitual water-breathers. There is, however, 
an approach to this state of things. The climbing perch (Anabas scandens) can leave the water for considerable 
periods and ascend elevations ; the goby or walking-fish (Periopkthalmus koelreuieri), with its short, well-developed 
anterior limbs or modified pectorals and tail, hobbles about the shore, when the tide has retired, in search of food ; 
the flying-fish takes long leaps in the air at a considerable altitude above the water ; the African mud-fish, Lepi- 
dosiren (Protopterus annectens), lives for protracted periods in the deposits of rivers and tanks which have become 
partly or wholly dry. 

Wilder noticed that in the mud-fish (Amia calm) the animal, when the water was foul, rose frequently to the 
surface and took in copious draughts of air. He gave it as his opinion that, on such occasions, an exchange of oxygen 
and carbonic acid took place, as in the air-breathing lungs of vertebrates. 

Ceratodus (C. forsteri Krefft., and C. miolepis Gtinth.) is found in the fresh waters of Queensland. This fish, 
known as the Dawson-salmon or Barramunda, is sometimes 6 feet in length, and occasionally weighs 20 lbs. It 
lives mainly on decayed vegetation, which is found in large quantities in the bottoms of the rivers, and which frequently 
makes the water turbid and thick. This renders it difficult for the fish to breathe by its gills, which become 
clogged. It is, therefore, provided with a lung in addition to its gills, so that it can breathe by its gills or lung 
separately or by both simultaneously. This is a very remarkable circumstance, and must have been foreseen and 
pre-determined. It affords a very good example of design and of a First Cause. The modification is of the nature 
of original endowment, that is, a particular structural change specially made to meet an unusual set of conditions. 



344 DESIGN IN NATURE 

manatees, seals, walruses, &c., afford examples of animals which permanently live in the sea, but which at shortei 
or longer intervals throughout their entire lives must come to the surface of the water to breathe air. 

In reality these animals are true air-breathers. They give no countenance to the theory that they are lane 
animals which have adopted the ocean as their home and are in the act of changing their natures and becoming 
fishes or fish-like animals. As a matter of fact, the sea mammals occupy a much higher position than fishes ii 
the organic scale. There is nothing in the histories of the sea mammals to show that these most interesting member* 
of the organic kingdom are changing either their natures or their external forms to meet the requirements oi 
natural selection on the one hand, or of evolution on the other. 

A certain relation obtains between the breathing habits of animals and their modes of locomotion. 

The breathing apparatus and organs of locomotion must be specially provided for during the development and 
growth of the several classes of animals — that is, they are original structures, the outcome of design and pre-arrange 
ment, and not chance products developed during their lives by accident, and by the accumulation of trifling fortuitous 
modifications extending over long periods, as claimed by Darwin in his " Origin of Species by Natural Selection." 

The breathing and travelling organs cannot be produced by efforts of will on the part of animals. They are 
necessities of life, and as such are inborn. Their production is not left to chance, or environment, or any form 
of irritation or extraneous stimulation. 

Animals are not permitted to breathe air and water indiscriminately ; neither are they constructed to move 
on the land, and on and in the water, and the air, with equal facility. 

It is not here maintained that one and the same animal may not occasionally walk on the land, swim in the 
water, and fly in the air. Several insects and birds do this. All that is meant is that animals primarily adapted 
for land transit are, as a rule, indifferent swimmers and cannot fly, while animals originally adapted for swimming 
walk badly, or not at all, and cannot fly ; animals which are expressly adapted for flying, in the majority of cases, 
swimming and walking with difficulty. 

The walking, swimming, and flying types are well marked ; and all animals, be they insects, fishes, reptiles, birds, 
or quadrupeds, must rigorously conform, as regards their general shape, and the form, size, and structure of their 
travelling organs, to the laws which regulate locomotion on the land, and on and in the water and the air respec- 
tively. In all this there is design. The whole animal is constructed on specific lines to attain certain ends. The 
travelling arrangements in adult animals are not temporary but permanent, and animals would attempt in vain 
to perform feats on the land, in the water, or the air, for which they had not structural warrant. Structure 
invariably precedes function, and until an animal is endowed with the proper travelling organs and surfaces no 
satisfactory progress can be made along either of the three great highways of nature — namely, the land, the water, and 
the air. The explanation of these hard and fast arrangements is on the surface. All animals, be they great or small, 
simple or complex, must be provided with bodies and organs which enable them to pursue, capture, devour, and 
assimilate their food. Such as are not so provided sooner or later die of inanition. The procuring of food is as 
essential to animals as the procuring of air, and the plan of construction of all animals is threefold, and such as 
enables them at once to secure food and air, and to reproduce themselves. 

In this connection it is important to point out that no animal can by an effort of will cause its travelling organs 
to develop in a particular direction ; still less can it originate or inaugurate their growth at any period of its life history. 
The travelling organs, to whatever class of animals they belong, are original endowments conferred by the Architect 
of the universe to secure well-defined and desirable objects. They are never chance products ; they never grow 
unbidden, or apart from a pre-conceived plan. On the contrary, they are provided for in the embryo and foetus, 
in anticipation of the work to be ultimately performed by them. It is not a case of an animal adapting itself 
during its life to a particular mode of locomotion ; neither is it a case of environment and extraneous stimulation 
of particular parts of the body originating and ensuring the growth of travelling organs at special points. The 
travelling organs are part of the original being, and the individual, whatever its position in nature, has no power 
to increase or diminish their size, to alter their peculiar shapes, or to change the substances composing them. The 
conditions are rigorous and unalterable, and everything must bend to the inevitable as far as effective progression 
on the land, on and in the water, and in the air is concerned. 

A not uncommon belief is that all living creatures originally proceeded from the water, and that in the course 
of time they modified themselves in such a manner as enabled them to live and move comfortably on the land, and 
to fly in the air. There is no proof or even analogy to support this theory. In order for a water-breathing and 
water-navigating animal to become an air-breathing and air-navigating one, it must develop lungs, and alter its 
general shape, and that of its travelling organs. These are structural modifications of the first magnitude, and 
beyond the reach of any animal per se. The animal can only grow along the lines laid down by its parents. If a 
water-breathing animal be removed from that element and kept on terra firma for a short time it inevitably dies ; 
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travelling organs possessed by animals in each particular case. Locomotion, primarily and essentially, resolves 
itself into action and re-action, and it is in every instance a question of power, speed, and support. The quicker 
the travelling organs are moved the greater the recoil and support obtained from the fulcra on which they act. In 
flight, if small wings are driven at a very high speed they give as much support as larger wings driven more slowly. 
If water, which is virtually incompressible, be struck very hard, it affords nearly as much resistance and recoil as 
a solid. If air, which is very highly compressible, be similarly treated it also furnishes quite an extraordinary 
amount of recoil and resistance. Flight were otherwise impossible. To fly is equivalent to walking or swimming 
in the air. 

When the niceties of construction involved in water and air breathing, in the size, shape, power, and variety of 
the travelling organs required for effective land, water, and air transit are taken into account, one is forced to conclude 
that nothing short of an intelligent First Cause and design will satisfactorily account for the existence of the breathing 
apparatus and organs of locomotion. The means and the ends are so accurately adapted to each other, and the 
conditions are so rigorously and uncompromisingly exact, that no other explanation is possible. That the arrange- 
ments necessary for water and air breathing, and for land, water, and air transit were brought about by accident, as 
those who believe in spontaneous generation affirm, or by the accumulation of fortuitous increments extending over 
vast periods, according to evolution and " natural selection," is in the highest degree improbable — so improbable 
indeed as not to be worthy of serious consideration. The theories of spontaneous generation, evolution, and natural 
selection are utterly inadequate to explain such problems, and, if we ignore a First Cause and design, and law and 
order as the outcome of both, not only is no explanation forthcoming, but the whole subject becomes unthinkable. 

A great object lesson is afforded by the breathing arrangements, and by the size, shape, and movements of the 
travelling organs of animals. These can only be regarded as original, fundamental endowments. They admit of 
no temporising. An animal cannot at one and the same time be a water and air breather ; neither can it progress 
equally efficiently on the land, on and in the water, and in the air. The physical conditions prevent such a state 
of things. Little reflection is required to be convinced that in locomotion the cause must be equal to the effect. 
It works out in a very simple manner. The small feet of land animals when applied to a rigid unyielding fulcrum, 
such as the earth, at once obtain support and the recoil necessary to forward movement. In like manner, the tails 
and fins of fishes (especially the tails), when applied by reciprocating movements to the yielding aqueous fulcrum, 
elicit the recoil necessary to convert them into powerful propellers. Similarly, the comparatively very large wings 
of the insect, bird, and bat, when made to vibrate rapidly in the air, extract from it the recoil calculated to propel 
the bodies to which they are attached at high velocities. On the land, support is guaranteed ; propulsion only being 
required. In the water, support is also guaranteed, from the fact that the swimming creature is of nearly the same 
specific gravity. The fish, consequently, has only to propel itself. In the air, next to no support is afforded, and the 
wings have at once to support and propel. These are physical conditions which cannot be ignored. 

Three things require to be attended to in animal locomotion ; namely, (a) the medium to be traversed ; 
(b) the size, shape, and nature of the travelling organs ; and (c) the power or force by which the travelling organs 
are driven. The feet of land animals are generally small, jointed, springy organs ; the tails and fins of fishes are 
expanded, finely tapering, elastic structures of a more or less triangular shape ; and the wings of insects, birds, and 
bats, which are still more expanded, greatly resemble in shape, properties, and functions the caudal and pectoral 
fins of fishes. The travelling organs are carefully adapted to the work they have to perform. As a matter of 
fact, they are designed and elaborately constructed organs. The small feet adapted for land transit are not effective 
as swimming organs, neither are the tails and fins of fishes of any use as flying organs. 

There is a general rough resemblance as between land, water, and air as media for the travelling organs of 
animals, and as between the travelling organs themselves. Dry land for example may shade off into marshy soft 
land ; or water may be solid or semi-solid from freezing ; or it may be semi-solid as in snow and sleet ; or it may 
be attenuated as in steam by the administration of air. In all these cases the breathing and locomotory organs must 
be specially modified. The feet of land animals may become expanded and webbed to deal with marshy soil and 
water, and the pectoral fins of fishes may increase in size as in the flying fish, and deal with the air after the manner 
of wings. Land animals may also essay flight by means of expanded integuments, as happens in the flying dragons, 
flying lemurs, and bats. These are the exceptions to prove the rule. The modifications of the travelling organs are 
as inexorable, in their way, as the breathing arrangements. Indeed, the whole animal must be designed to play 
a perfectly distinct role as a water or air breather, and as a denizen of the land, the water, or the air respectively. 
The peculiarities of function must be structurally provided for in advance in the embryo and foetus. Nothing 
is or can be left to chance. Chance in such important and vital matters is out of the question. 

The foregoing remarks on the travelling organs apply more especially to the higher animals, but they are appli- 
cable in principle also to those of the lower and lowest animals. Every animal, even the most rudimentary, is endowed 
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adaptation of means to ends which pleads so eloquently for the existence of an intelligent First Cause and of a 
Designer and Upholder. Given a Creator or First Cause all else is comparatively easy. It is, of course, impossible 
for the finite mind either fully to comprehend the infinite mind, or the universe which the infinite mind has pro- 
duced ; nevertheless, a careful analysis and study of our own minds, and a contemplation of the works of our own 
hands, supply us with important collateral information. As physical, mental, and moral man is a part of the 
universe, it is permissible to think that he is not wholly alien to the great scheme of creation, and that his thoughts 
and works are scintillations and reflections, however faint, of those of the great Framer of the Universe. There 
is, however, the following important difference. 

The Creator can produce or annihilate matter and force, whether physical, vital, or mental. To man it is 
not permitted to create matter or force, still less to annihilate them. All he can do is to change the form of 
matter and the direction of force. For him matter and force are practically indestructible. For him there is 
in the universe a store of matter and of energy which cannot be either increased or diminished. That the natural 
processes which go on in the universe as a working concern are not wholly different from those which mark the 
activities of man is shown in various ways. In both there is cause and effect : in both there is obvious design : 
in both there is the adaptation of means to ends : in both there is thought. The element of chance is largely, if 
not wholly, eliminated : a reign of law is substituted for one of chaos. This is nowhere better seen than in the 
adaptation of day and night, and the seasons, to the requirements of plants and animals. Day and night and 
the seasons recur with a regularity which excludes the idea of chance. Similarly, plants and animals repeat them- 
selves, each according to its kind or type, so regularly and persistently that a law of reproduction must be admitted 
in which chance or accident plays next to no part. In these cases a First Cause, a Designer, and Upholder is a 
sine qud non. Day and night, the seasons, and the existence of plants and animals on the earth afford examples 
of forethought and intelligent adaptation of means to ends where co-ordination and co-adaptation and inter-depend- 
ence play a conspicuous part. Plants and animals require the alternations of day and night for their periods of 
activity and repose ; they also require the revolving seasons to provide the variations in climate so needful to 
a healthy tone in both. Plants and animals are largely dependent on cosmic changes, and the organic kingdom 
is to a considerable extent a product of the inorganic kingdom. In both the organic and inorganic kingdoms a 
reign of law prevails, which, to the thoughtful observer, appeals powerfully in favour of an intelligent Creator, 
Designer, and Upholder. In both kingdoms cause and effect can be constantly traced : everything is planned : 
nothing falls out by accident : the mechanism of the heavens and the mechanism of plants and animals are as 
obviously the product of an intelligent Creator or First Cause as are a watch, a steam-engine, an electric battery, 
or a telephone. 

There is no getting away from intelligence in either case. The co-ordination of parts and movements can 
only be the outcome of intelligent forethought and design. Wherever there are examples of means to ends in 
the works of the Creator and the creature, intelligence and design must be predicated. 

As already stated, everything is possible with the Creator. He can make and unmake matter and force at 
discretion : He can produce or abolish plant and animal life in its infinite varieties : and He can confer or with- 
hold the extraordinary attributes of mind which culminate in man, but which can be traced as a continuous chain low 
down in the animal kingdom. While the mental attributes of man are necessarily limited, they are, nevertheless, 
sufficiently numerous and discriminating to enable him clearly to perceive endless examples of design in the 
universe as a whole, and in the inorganic and organic kingdoms considered separately. 

A question has been frequently put of late years as to whether all matter may not be referred to one primi- 
tive substance simple in composition, and whether force is not a product of matter also characterised by simplicity 
and oneness. 1 

Whatever matter and force may have been at the outset in the hands of the Creator, there can be little doubt 
that in our times they are not one and indivisible, that is, identical. Matter and force, as we know them, are 
differentiated, and to this differentiation all the peculiarities in the structure and movements of inorganic sub- 
stances, and in the structure and movements of plants and animals, are due. It is differentiation which 
separates one physical body from another, and which sets up distinctions between plants and animals. From 

1 Professor Ernst Haeckel in his *' Riddle of the Universe " expresses himself in this connection as follows : '* All the particular advances of 
physics and chemistry yield in theoretical importance to the discovery of the great law which brings them to one common focus, the ' Law of 
Substance.' As this fundamental cosmic law establishes the eternal i>ersistence of matter and force, their unvarying constancy throughout the 
entire universe, it has tacome the j>ole-star that guides our Monistic Philosophy through the mighty labyrinth to a solution of the worla-problem. 
. . . The world is nothing else than an eternal evolution of substance. . . . the conviction that these two great cosmic theorems, the chemical 
law of the persistence of matter and the physical law of the i>ersistence of fore«, are fundamentally one, is of the utmost importance in our 
monistic system. The two theories are just as intimately united as their objects — matter and force or energy. Indeed, this fundamental unity 
of the two laws is self-evident to many monistic scientists and philosophers, since they merely relate to two different aspects of one and the same 
object, the cosnuts." 
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wholly identical substances in the inorganic and organic kingdoms only repetition, as apart from differentiation, 
can result. There is no universal matter, dead or living, which, being^absolutely homogeneous and identical in 
all its parts and particles, can of itself, and by itself, produce the various substances met with in the inorganic 
kingdom, and in the several plants and animals found in the organic kingdom. The differentiation of matter and 
force is fundamental alike in the inorganic and organic kingdoms. The so-called affinities in chemistry favour 
this belief. We have proof of it also in the histories of the spores, germs, and seeds of plants ; in the eggs and 
ova of animals ; and in the peculiar properties of the male and female elements on which reproduction depends. 
The reproductive elements, whether consisting of germs, seeds, eggs, or ova, self-fertilising or otherwise, vary 
infinitely as to their ultimate substance, and this variation or differentiation can alone account for the bewilder- 
ing multitude of plants and animals on the earth. It is not otherwise possible to explain how from one seed 
proceeds a lichen, from another a fern, from another an oak ; or how from one ovum emerges a fish, from another 
a reptile, from another a bird, and from another a mammal. Neither the microscope nor chemical analysis can 
detect the differentiation here referred to, but that it exists cannot be doubted when the final results are duly 
considered. The conditions of reproduction are, in numerous cases, nearly, if not altogether, identical, but the 
reproductions are as the poles asunder. Mere force, however gentle or violent, cannot convert practically identical 
matter into anything other than itself. This goes without saying. Heat, light, electricity, and other forms of 
motion, while within limits convertible, do not destroy the substances on which they act, and which they influence 
to a greater or less extent. At one time, and indeed till very recently, protoplasm was regarded as a simple, wholly 
undifferentiated organic substance whose parts and particles were identical in ultimate composition. Protoplasm is 
now known to be reticulated and to vary considerably in chemical composition. The difficulties involved in 
the differentiation of plants and animals during development are not overcome by saying that one change 
begets another, and that one set of conditions inaugurates others in endless succession, until the several 
plants and animals with their various organs are completed. To get the initial changes and conditions 
which inaugurate successive developments there must be plurality and heterogeneity of both matter and 
force. Of simple ultimate matter and force we have no knowledge. All our instruments of research, the micro- 
scope, the telescope, chemical analysis, the spectroscope, the polariscope, &c, reveal not one kind of matter 
but a great and ever-increasing variety of matter. Already there are over seventy known elements, and 
these will doubtless be added to as time advances. Within the last few years no fewer than four new gases 
have been discovered (Argon, Helium, Krypton, and Zeon), and some new metals, notably Radium. 1 The tend- 
ency is not in the direction of simplicity as regards matter and force, but complexity ; the complexity being 
of a very bewildering kind, as manifested more especially in heat, light, magnetism, electricity, wireless and 
other telegraphy, ether in its several phases, optics, acoustics, Becquerel, Hertz, Rontgen, and other rays, to 
say nothing of the delicate sensitiveness of the plates employed in terrestrial, celestial, and other photography. 
The extraordinary powers possessed by radium (one of the new metals) have invested matter and force with 
untold possibilities and an ever-increasing interest. Radium apparently presents the unique phenomenon of an 
element breaking up or disintegrating and emitting streams of matter and force, which for intensity are altogether 
unparalleled. 

The radio-active elements and their emanations are opening up what is practically a new field in physics. The 
properties of these elements investigated by Plucker, Hittorf, Crookes, Curie, Lodge, Rutherford, Ramsay, and 
others can be exhibited in the laboratory. By means of a vertical glass vacuum tube 18 inches long and an inch 
wide, connected at top and bottom with the negative and positive poles of an electric battery, electric sparks (arti- 
ficial lightning) can be transmitted ; these causing the interior of the tube to glow with a beautiful rose-coloured 
shimmer. Sir William Crookes demonstrated that each particular substance gives out its own special radiance. 
Thus alumina gives a deep red flare, the sulphate of zinc a rich green, a portion of calc-spar a fine crimson, and so 
on. Something like a stream of radiance rushes through the glass tube. According to Crookes there proceeds 
from the negative pole or cathode, a shower of amazingly minute particles, not beams of light, but things, which carry 
negative electricity. They can even be made to propel a miniature wheel on rails within the tube. When the 
electric current is turned on, the little wheel travels briskly. The inference is, that whatever the nature of electricity 
the so-called cathode-rays are things, particles, or corpuscles, substantial entities. As proving the substantial or 
material nature of the rays they can be deflected or bent by the aid of a magnet applied outside the glass tube. 
Certain rays cannot be so deflected. In these cases they are regarded as rays of light. This is true of Rontgen's 
X-rays. As the X-rays cannot be deflected by the magnet they are believed to be not matter, but waves in the ether 
that fills all space. In this connection M. Henri Becquerel made an important discovery, namely, that the metal 

1 Argou waH discovered by Lord Rayleigh and Sir William Ramsay jointly in 1894, Helium and Krypton by Sir William Ramsay, Zeon by 
Sir William Ramsay and Mr. Travera, and Radium by M. and Mme. Curie at a later date. 



35* DESIGN IN NATURE 

uranium, which is derived from pitchblende, prints a picture of itself in the dark on a photographic plate. Uranium 
is always giving out or exerting this photographic influence. The marvellous new metal, radium, also derived from 
pitchblende by Mme. Curie, exhibits these radio-active properties to an extraordinary extent. The radio-active 
elements, as Sir William Ramsay has shown, make the air around them conductors of electricity. He took a 
tassel of silk threads and rubbed it with fur and so electrified the tassel ; then, bringing a minute portion of radium 
near, the electricity was discharged. 

The most wonderful property of radium is its continually giving off a gas or emanation that shines by its own 
light. From the gas proceed three kinds of rays, namely, A-rays, which can be seen striking against a chemical 
screen ; B, or cathode-rays, which will pass through lead ; and 6-rays, which are those of Rontgen. When the 
spectrum of the gas is thrown on a screen, and the gas fades away, Helium is left ; a circumstance of the utmost 
consequence as indicating, according to Ramsay and Soddy, that radium is an element breaking up, and in its dis- 
solution giving out energy. If the heat of radium could be retained it would become incandescent. Radium, 
uranium, and thorium are all heavy elements and self-destructive on account of their mass. In the opinion of 
certain astronomers, suns, beyond a certain size, also matter, force, heat, light, &c, though very intimately related, 
are not inextricably or hopelessly blended, and can be separated by the employment of sufficiently delicate instru- 
ments and tests and exercising due care. 

Sir William Crookes, by his experiments and writings, has given a great impetus to the consideration of the 
finer varieties and ultimate composition of inorganic matter. He claims a fourth condition for it. Matter in the 
aggregate is to be considered as solid, liquid, gaseous, and ethereal. In detail it is infinitely divisible. There is, 
so to speak, matter within matter : each kind of matter having specific movements and exercising certain powers 
such as gravitation, attraction, repulsion, cohesion, adhesion, &c. The movements of matter are at least of three 
kinds, namely, wave movements, movements of rotation round an axis, and movements of bodies round each 
other. It does not suffice nowadays merely to say that atoms form molecules and molecules cells, tissues, and 
organs ; for it has been demonstrated that in the interstices between the atoms and molecules finer matter exists, 
and that this finer matter (generally called ether) possesses powers of attraction and repulsion, cohesion, and 
adhesion, &c, and displays rotatory and wave movements similar to those which obtain in the atoms and mole- 
cules themselves. The tendency is to credit the finer masses of matter with analogous properties and powers to 
those possessed by the larger bodies, even the celestial spheres. Ether has been variously defined. It is regarded 
by some as imponderable, neither solid, liquid, nor gaseous, not made up of particles (atoms), but continuous and 
intimately connected with light, radiant heat, magnetism, and electricity. 

As it is not possible to unify or simplify matter beyond a certain point, neither is it possible indefinitely to 
unify or simplify force. Physical, vital, and mental force cannot be regarded as identical and different phases 
of one and the same thing. 

Large and small masses of inorganic matter possess and exert inherent force and act and re-act upon each 
other according to fixed laws. The inherent force referred to is fitly designated physical force. It is not of a 
directive or adaptive kind. Large and small living bodies, such as plants and animals, and parts thereof, possess 
force which exercises a directive power. This has appropriately been designated vital force. Lastly, there are the 
forces wielded by the Creator, which are directive to an extent which it is next to impossible even partly to realise. 
These forces are the product of intellect in its highest and most concentrated form. Only in the Creator can force 
(physical, vital, and mental) be unified, and what is said of force may also be said of matter. The Supreme Being 
works in and through matter, organic and inorganic, and through physical, vital, and mental force, and no change 
can occur in matter, be it great or small, near or remote, which is not inaugurated and controlled by the Creator 
as the First Cause. He is the Alpha and Omega of all things. Without the absolute control of matter, inorganic 
and organic, and of the physical, vital, and mental forces which energize it, there could be no co-ordination, no 
co-adaptation, no arrangement of means to ends. 

I am well aware that certain Physicists, Chemists, and Physiologists maintain that there is no such thing as 
vital force, and they ignore the idea of design and a Creator or First Cause. They support the purely mechanical 
theory of the origin and working of the Universe. They attempt a vast generalisation without being able to 
explain or prove the particulars. They take everything for granted ; theirs is a case of petitio principii, pure and 
simple. They boldly assert that matter and force are eternal ; that force inheres in and is inseparable from matter ; 
that matter is self-forming and self -directing ; that matter assumes movement, and, under certain circumstances, life ; 
that there is no Creator or First Cause ; no design ; no directive agency ; no adaptation of means to ends ; no 
law and order in the ordinary sense. They regard the universe as a huge congeries of stray particles acting in 
a haphazard or accidental manner. They resent and reject any interference from without, and declare that the 
world of matter does not require and does not admit of any interference on the part of a Creator or First Cause. 
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They boast a mechanical system which literally bristles with law and order, but they curiously and with strange 
inconsistency exclude the great Lawgiver and Arch- Artificer. The existence of life on the earth is a stumbling- 
block and pitfall to the mechanical school. They cannot produce life — neither can they explain it. No Physicist, 
Chemist, or Physiologist, with all the resources of the most admirably equipped modern laboratory at his disposal, 
has ever produced anything which remotely resembles life even in its simplest forms. The best they can do is 
to say that they have artificially produced substances resembling starch, albumen, and some other products, which 
have hitherto been regarded as organic in their nature. They do not — they cannot — claim to have produced 
a living plant or animal. 

As yet no bridge has been devised to directly connect the living with the dead, or to convert physical force 
into vital force. No doubt inorganic and organic matter and physical and vital force have much in common : 
the organic proceeds from and returns to the inorganic, and the same elements are found in both. In like manner 
the elements which build up plants and animals transfer to the plants and animals a proportion of the force which 
inheres in them. Further, the same laws, up to a point, regulate inorganic matter and physical force and organic 
matter and vital force : still the subtle and mysterious something, known as life, which cannot be artificially pro- 
duced or imitated, intervenes and prevents the unification and identification of matter and force so eagerly desired 
by the mechanical school. That school is obliged to fall back on the theory of spontaneous generation, which has 
again and again been proved impossible by direct experiments. The mechanical school have to make extraordinary 
assumptions in support of its theory. They have, among other things, to assign sensation, volition, and a soul 
to the atom, and souls and memory to the cells and tissues. They have also to attribute a chemical sense-activity 
and perception to the male and female sexual elements of animals. Thus, according to J. C. Vogt, " The minute 
parts of the universal substance, the centres of condensation, which might be called pyknatoms, correspond in 
general to the ultimate separate atoms of the kinetic theory ; they differ, however, very considerably in that they 
are credited with sensation and inclination (or will-movement of the simplest form), with souls, in a certain sense 
— in harmony with the old theory of Empedocles of the 4 love and hatred of the elements.' Moreover, these ' atoms 
with souls ' do not float in empty space, but in the continuous, extremely attenuated intermediate substance, which 
represents the uncondensed portion of the primitive matter." 

According to Ewald Hering, " Memory is a general property of organised matter." According to Professor 
Ernst Haeckel, " Unconscious memory is a universal and very important function of all plastidules ; that is, of 
those hypothetical molecules, or groups of molecules, which Naegeli has called micelke, others bioplasts, and so forth. 
Only living plastidules, as individual molecules of the active protoplasm, are reproductive, and so gifted with 
memory ; that is the chief difference between the organic and inorganic worlds. . . . The elementary memory 
of the unicellular protist is made up of the molecular memory of the plastidules or micella, of which its living cell- 
body is constructed. . . . Equally interesting examples of the second stage of memory, the unconscious memory 
of tissues, are found in the heredity of the individual organs of plants and the lower, nerveless animals (sponges, <fcc). 
... In the same way we must regard the third stage, the unconscious memory of those animals which have a 
nervous system, as a reproduction of the corresponding ' unconscious presentations ' which are stored up in certain 
ganglionic cells. In most of the lower animals all memory is unconscious. . . . Conscious memory, which is the 
work of certain brain-cells in man and the higher animals, is an ' internal mirroring ' of very late development, 
the highest outcome of the same psychic reproduction of presentations which were mere unconscious processes in 
the ganglionic cells of our lower animal ancestors. 9 ' 

Professor Haeckel continues : " The theory of a cell-soul is completely established by an accurate study of 
the unicellular protozoa, and the psychic phenomena of the protistae form the bridge which unites the chemical 
processes of inorganic nature with the mental life of the highest animals. . . . The tissue-soul [he designates] histo- 
psyche. In all multicellular, tissue-forming plants (metaphyta), and in the lowest, nerveless classes of tissue-forming 
animals (metazoa), we have to distinguish two different forms of psychic activity — namely, (1) the psyche of the 
individual cells which compose the tissue, and (2) the psyche of the tissue itself, or of the ' cell-state ' which is made 
up of the tissues. This ' tissue-soul ' is the higher psychological function which gives physiological individuality 
to the compound multicellular organism as a true ' cell-commonwealth.' It controls all the separate ' cell-souls ' 
of the social cells. . . . The plant-soul [named by him] phytopsyche is [in his opinion] the summary of the entire 
psychic activity of the tissue-forming, multicellular plant (the metaphyton, as distinct from the unicellular proto- 
phyton). . . . The soul of the nerveless metazoa [is according to him] of very special interest for comparative 
psychology in general, and for the phylogeny of the animal soul in particular, it being the psychic activity of those 
lower metazoa which have tissues, and sometimes differentiated organs, but no nerves or specific organs of sense. 
. . . The nerve-soul [he has designated] neuropsyche. The psychic life of all the higher animals [he avers] is 
conducted, as in man, by means of a more or less complicated ' psychic apparatus. 1 This apparatus is always 
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composed of three chief sections : the organs of sense are responsible for the various sensations ; the muscles effect 
the movements ; the nerves form the connection between the two by means of a special central organ, the brain 
or ganglion. . . . The ganglionic cells, or ' psychic-cells,' which compose the central nervous organ, are the most 
perfect of all organic elements ; they not only conduct the commerce between the muscles and the organs of 
sense, but they also effect the highest performances of the animal soul, the formation of ideas and thoughts, and 
especially consciousness." 

It is not necessary to follow further what many will regard as the extravagancies and absurdities of Professor 
Haeckel. His theory of life is a bewildering maze of assumption and wild speculation wholly unsupported by 
evidence, and shows to what extraordinary straits the mechanical school, to which he belongs, is from time to time 
reduced. That school, by denying a Creator, Designer, and Upholder, is forced to take up an interminable line of 
impossible positions, which it cannot possibly define, and which it cannot afford to abandon. 

Professor Haeckel endeavours to make out that there is no First Cause, no spirit or mind, but only matter ; 
that matter is eternal and omnipotent, that inorganic or physical force, and organic or vital force, are essentially 
one, and that all matter and force are referable to what he designates the " law of substance," whatever that 
may mean. 

It may be here stated that Professors Rudolph Virchow and Emil Du Bois-Reymond, two of the foremost 
experimenters and thinkers of modern time, who originally supported Professor Haeckel's monistic or matter 
philosophy, ultimately abandoned it in favour of the dualistic philosophy where matter and mind or spirit are 
regarded as separate entities. 

Others scarcely less distinguished who had adopted Haeckel's monistic philosophy also abandoned it on mature 
consideration. This is true of Wundt, Karl Ernest Baer, Mr. J. G. Romanes, Oscar Hertwig, &c. 

The doctrine of " oneness " is, as has been stated, not borne out by facts in the inorganic and organic king- 
doms. It altogether fails to account for life, and for the phenomena connected with sensation, perception, conscious- 
ness, and all that is commonly known as intellect or mind. A clear line can still be drawn as between dead and 
living matter, between physical and vital force, and between insentient, brut matter, and sentient, thinking matter. 

Swedenborg divided the universe into two categories : the spiritual or world of causes, and the material or 
world of effects. Newton in like manner distinguished between the celestial spheres and the Power which made 
and set them in motion. 

Professors Balfour Stewart and P. Guthrie Tait discuss the problem of the Unseen Universe and the endless 
sequence and succession of events. They proceed on the principle that every existing state and condition was 
preceded by a pre-existing state or condition. They take a beginning or creation for granted. While it is permis- 
sible, in the case of the Creator, to separate the creative spirit or force from the matter it produces, regulates, and 
directs, it is proper to state that, in the created thing, the matter and force are, as a rule, associated. This is 
especially true of the living creature, where the matter and force (physical, vital, and mental) act and re-act upon 
each other ; where the vital and intellectual forces are influenced by the condition of the body (as in animals with 
nervous systems) ; where concussion of the brain for the time being destroys the mind ; or conversely, where the 
mind being normal powerfully affects the body. As life is super-added to matter and can be withdrawn from it at 
death, so mind, as the product of matter and life in animals, is liable to temporary or permanent extinction. 
Granted that mind, as we know it, is always associated with living matter, the question arises when is mind united 
to the living matter or body ? The reply is at impregnation : when the male and female elements meet and fuse 
to form the impregnated ovum. Mind in its potential form is an attribute of living matter even in its earliest 
stages, and is transmitted from parents to offspring in unbroken continuity as life itself is. Sensation, consciousness, 
and mind, or their representatives, in varying degrees may be predicated of all animals and certain plants, notably 
the insectivorous plants. The coalescence of the male and female sexual elements in animals forms a new being 
which includes all the physical and mental peculiarities of the parents. The impregnated ovum, consisting as it 
does of two distinct and different elements, forms a single, but not a simple or undifferentiated cell. There is duality 
physically and mentally in the impregnated ovum, as the body and brain of both the parents are represented and 
are present in a potential form. The continuity of life and of the intellectual attributes (be they simple or com- 
plex) which collectively constitute mind, run down the ages. Heredity forms the connecting link between past, 
present, and future generations of living things. Living matter and mind, or what represents them, have always 
been associated. They are coupled with the doctrine of the indestructibility of matter and force, and conduct not 
unnaturally to the conception of the immortality of the soul. It is very difficult to draw a hard and fast line as 
between matter and force and spirit as we know them. As has been explained, matter shades off by fine gradations 
until we reach what is virtually the intangible ether. The division of matter, there is reason to believe, even goes 
beyond the ether, so that substance of one kind or other is assumed to occupy all space. The familiar terms 
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material and immaterial, because of this shading oil and refinement of matter, become blurred, and lose, to a certain 
extent, their meaning. Of course, the term immaterial, strictly speaking, means something which is separate and 
distinct from matter, however rarefied and however minutely divided. 

There is no such thing as immaterial substance, but immaterial ultimate force or spirit as it exists in the 
Creator has long been recognised. This ultimate force or spirit manifests itself in the creation, distribution, and 
direction of matter and force in the universe as a whole. Vital and mental force have also been regarded by 
the majority of philosophers and psychologists as essentially immaterial. In this connection, it is proper to point 
out, that in the higher animals and in man, where vital and mental force or mind can be studied and analysed, 
intellectual endowment has a physical basis ; intelligence gradually increases with the growth and differentiation 
of the nervous system as we rise in the scale of being ; the monkeys having less reasoning power than savage man, 
and savage man than civilised, modern man. The reasoning powers advance pari passu with the development of 
the nervous system. 

As proving the ultimate connection between mind and body, it suffices to say that mind temporarily dis- 
appears during sleep, also when the molecules of the brain are suddenly disturbed, as in concussion, also when a 
poisonous gas is inhaled, also in certain diseases, &c. The mind returns when the body awakes from sleep, and 
when it resumes its normal functions. We have no knowledge of mind in the organic kingdom as apart from the 
body, and this brings us to the border line which divides the material from the immaterial. It has never been 
shown that the mind of man exists as apart from his body, so that its continuation after death as spirit or soul 
must be assumed unless immortality be based on the indestructibility of matter and of force. Such a state of 
things is not only conceivable but highly probable ; indeed it may be said to follow as a corollary, if matter and force 
are regarded as inseparable. 

It is beyond the scope of the present work to discuss the mind as a separate entity ; but I may venture to 
point out that the thinking individual never thinks without his body, and that abstract thought affords no proof 
of the separate existence of mind or of the immortality of the soul. 

DEVELOPMENT AND DIVISION OF LABOUR IN RELATION 

TO DESIGN 

Plants and animals are, without exception, derived from cells or portions of cells. Some plants and animals 
remain cells — that is, they do not divide, differentiate, or advance to anything else. We have examples of cell 
plants in the snow plant and Sardna ventriculi, and of cell animals in the zooids, the amoeba, and other low forms. 

The fact that there are plants and animals which never get beyond the cell stage, while others differentiate into 
complex beings up to man, where there is a highly-developed nervous, vascular, lymphatic, respiratory, muscular, 
osseous, and glandular system, shows very plainly that cells fundamentally differ from each other, and that each 
cell, and system of cells, is originally distinct. In other words, the primordial or primitive cell from which plants 
and animals are developed is endowed with properties essentially its own, and has limits set to its development, 
and the direction of its development ; each cell and each plant and animal being capable of reproducing their like, 
but only their like ; it being impossible to produce an animal from a plant and vice versd, or a vertebrate from an 
invertebrate, or different vertebrates from each other. This means, that a reptile cannot be obtained from a fish, 
a bird from a reptile, or a mammal from a bird. I am well aware that all this is opposed to natural selection, and 
evolution in its widest sense, and that Mr. Darwin and others have endeavoured to prove that plants and animals 
have a common origin, and that even man, with his God-like form and wealth of imagination and intellect, is indirectly 
and remotely the product of an oyster or some rudimentary, soft-bodied animal with neither brain nor nervous 
system, and wanting in all those elaborate arrangements which characterise the higher animals. The grand climax 
in development witnessed in man is said to be reached by an infinity of accidental, trifling modifications in practi- 
cally unlimited time, but no actual proof of the several modifications and transformations referred to has been, 
or can be, adduced. Professor Haeckel has done his best to show that mammals closely resemble each other during 
their developmental stages, and Professor Huxley has given it as his opinion that the birds have been manufac- 
tured from the reptiles and are their direct descendants. The views of Mr. Darwin and Professors Haeckel and 
Huxley are traversed in other portions of this work, and all that need be said here is that, lacking proof, they are 
inconclusive and unsatisfactory. 

It is abundantly evident from the permanency of existing forms that cell plants and animals, and plants and 
animals as a whole, have limits beyond which they may not stray. It is equally certain that cells and cell plants 
and animals develop along given lines, and that they have no power either to direct or control their growth. These 
vol. i. 2y 
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facts admit of only two explanations. Either cells and cell plants and animals develop and differentiate from the 
first in a haphazard way by accident, or their development and differentiation are predetermined, supervised, and 
regulated by an intelligent Agent or First Cause. If the thing developing is not the sport of nature, it follows that 
it must have in itself, in a potential form, all the structural and functional peculiarities and attributes of the future 
being, whether plant or animal — nay more, that when a nervous system and brain are characteristics, these must 
also exist in a potential state. In making this statement, the reader is not to infer that the several structures and 
attributes which constitute the compound plant and animal are all contained in the primordial cell from which 
plants and animals are developed ; only this, that the cells have in themselves, in the shape of original endowments, 
the powers which enable them to build up from their surroundings, consentaneously or consecutively, the several 
tissues, structures, and systems which go to form even the most complex plants and animals. To put it otherwise : 
there is nothing in nature to show that plants and animals are accidental formations at the outset, or that their sub- 
sequent development and differentiation are at any period due to chance or natural selection. Plants and animals 
are certainly not the product of spontaneous generation. The accidental or chance hypothesis of the production, 
existence, and continuation of plants and animals on the earth would produce endless confusion, and completely 
overthrow the law and order which are known to exist alike in the organic and inorganic kingdoms. 

Much emphasis has been placed by Mr. Darwin and his followers on what they term " accidental modifications " 
in plants and animals ; these being frequently of the most insignificant and trifling description. They ignore the 
fact, that plants and animals in a state of nature breed true — that is, they revert to their originals even in the most 
minute details : any accidental departure from the normal standard being, as a rule, corrected very soon after its 
appearance. They claim that the accidental modifications in plants and animals gradually and steadily accumulate, 
and, in the fulness of time, produce what are virtually new beings. They, in reality, seek to establish a false 
analogy as between so-called natural and artificial breeding, and have propounded the theory that plants and 
animals, in a state of nature, have the power to select and perpetuate whatever is advantageous to themselves and 
to suppress and obliterate whatever is disadvantageous. This briefly is the famous theory of " The Origin of Species 
by means of Natural Selection." It is safe to assert that plants and animals have no such powers. The theory 
takes for granted that plants and animals can dispense with a selector outside of themselves, which they certainly 
cannot do. The theory of " Natural Selection " is fully discussed further on. In natural and artificial breeding a 
selector is a sine qud non. In nature the selector is, as a matter of fact, the First Cause which created, controls, 
and sustains the plant and animal. In the breeding of domestic plants and animals the selector is the individual 
who perceives and takes advantage of accidental modifications or sports and perpetuates them for his own purposes, 
not unfrequently to the detriment of the typical or natural parts of plants and animals. He breeds against nature, 
and produces abnormal or monster plants and animals. He disturbs and destroys the symmetry and balance of 
nature. That this artificial breeding is an outrage on nature is proved by this : plants and animals when left to 
themselves and allowed to run wild invariably return to their typical form ; the several varieties of pigeons breed 
back to the blue rock pigeon, and the tender cultivated vegetables revert to their non-succulent, hardy types. 
Natural selection, as a matter of fact, is wholly based on assumption. As already indicated, no plant or animal can, 
ipso facto, either develop or suppress any of its parts at discretion. 

While plants and animals cannot select and perpetuate what is good in themselves and repress and obliterate 
what is bad, they do nevertheless exert a certain amount of selecting and rejecting power in special cases. Thus 
secreting and excreting glands select and reject certain ingredients of the blood : they distinguish between those 
substances which are to be retained in the system and to be employed in a new form or to be extruded as waste 
products. The same is true with regard to food. Plants and animals do not feed indiscriminately on everything 
presented to them. On the contrary, they take kindly to certain articles of diet and refuse others. This power 
to discriminate between substances possessed by plants and animals, and parts thereof, is in turn referable to original 
endowment and a First Cause. Plants and animals, when absorbing and assimilating solids, semi-solids, fluids, and 
gases, can, within limits, select and appropriate or reject, but this is quite another matter from saying that plants 
and animals make themselves in a haphazard way, apart from design and a general plan, and independently of a 
Creator. Plants and animals are no doubt influenced up to a point by the food they consume, and may be larger 
or smaller according as the food is nutritious and abundant or innutritious and scarce. They are also influenced 
by heat and cold, habitat, &c. The ultimate nature or constitution of the plant and animal is, however, not altered 
by food, climate, habitat, &c. A queen bee (which is considerably larger than the common bee) can be manufactured 
by a particular food from a common bee grub, and a man and a horse may be larger or smaller physically. The 
bee, nevertheless, remains a bee, the man a man, and the horse a horse. 

There is no escaping from a First Cause, from types, and from design, law, and order, in things organic and 
inorganic. 
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If cells, and cell plants and animals, which supply the simplest examples of living things, characteristically 
differ from each other from the beginning, and cannot be traced to a common source, what shall we say of the 
supposed identity of the more complex plants and animals ? 

The cell, notwithstanding all that has been said to the contrary, is not a simple structure. It is, as a rule, 
composed of a cell wall, cell contents or protoplasm, a nucleus, and one or more nucleoli. It has a molecular basis, 
and in the molecules, the differentiation which distinguishes one cell, and one cell plant and animal, and plants and 
animals as a whole from each other, occurs. The nature and powers of the molecules cannot be determined by 
the microscope or by chemical analysis, but that the molecules and cells are differentiated from the first is rendered 
certain by this, that they unerringly reproduce themselves, and only themselves. Cell plants do not produce cell 
animals or the converse, and the great races of plants and animals characteristically differ from each other as 
regards their leading features and types. 

To say that all plants and animals are originally derived from absolutely homogeneous and identical matter 
is to ignore numerous important facts. 

According to recent researches, molecules, protoplasm, cells, germs, seeds, and eggs vary infinitely. There is 
no such thing as absolutely homogeneous identical living matter, and in its absence no common basis or starting- 
point can be claimed for plants and animals. If such matter really existed, it would avail nothing in the absence 
of a designer and director outside of itself. Such matter at best could only reproduce itself. A designer and 
director is absolutely necessary to inaugurate and carry out the divisions and differentiations which characterise 
the leading types of plants and animals. No progress whatever could be made in the construction of the several 
kinds of plants and animals as apart from a designer, and distinct differences in the general matter from which the 
plants and animals proceed. The power to divide and differentiate is an inherent original power conferred by the 
Creator. Plants and animals are not chance products. Everything about them is due to design and the operation 
of an intelligent First Cause. 

The histories of plants and animals from their earliest beginnings to their latest developments confirm 
this view. 

If there are unicellular plants and animals which never advance beyond the cell stage, but which, nevertheless, 
perform all the functions of life and reproduce themselves, and only themselves, it is evident that a limit or 
boundary is assigned them. The irrevocable fiat has gone forth, " thus far and no farther." They have their spheres 
of usefulness, and to these their activities are confined. The fiat applies not only to all plants and animals, but 
to all parts of plants and animals, and in this we have an explanation of the so-called vestiges or rudiments, where 
development is suddenly checked ; a part which attains large dimensions in one case becoming dwarfed or dis- 
appearing in another. A good example of interrupted growth and stunted development is furnished by the appendix 
vermiformis in man. 

On the higher plants and animals a greater power of differentiation is conferred, and conferred at the outset. 
It is original differentiating power which makes plants and animals what they are. The amount of differentiating 
power varies according to types, and according to an ascending scale ; but in every instance limits or boundaries 
are set up. These limits or boundaries are the outcome of design, law, and order, and prevent confusion. Without 
them the members of the organic kingdom would be mixed up in one vast, inextricable tangle. 

The power of differentiating, here contended for, applies not only to cells, cell plants and animals, and plants 
and animals as a whole, at their earliest beginnings, but also to every stage of their development. In other words, 
all plants and animals can and do differentiate from the first as molecules, cells, germs, seeds, and eggs : they also 
differentiate as they develop from the imperfect to the perfect being. The adult forms can always be referred to 
their primordial masses, whatever these happen to be. As the special molecules, cells, germs, seeds, and eggs cannot 
be mixed up and confused, so their ultimate products remain distinct, and cannot be mistaken for each other. 
The special germinal matters, and the final adult forms, whether plants or animals, never lose their identity. On 
the face of it, rudimentary plants and animals cannot engender de novo a power of differentiating. The power to 
differentiate is a conferred power, and furnishes the key to the organic kingdom. As the organic kingdom is superior 
to the inorganic kingdom, so the members of the former are superior to those of the latter. The organic kingdom 
occupies a higher platform than the inorganic, and takes precedence when the two kingdoms come into contact 
or opposition. The living plant and animal are superior to their surroundings or environment. They appropriate 
and reject matter according to their requirements. They play the role of masters. They direct and control, and 
are very little under the influence of extraneous matter. Accidental, dead, extraneous matter and artificial stimu- 
lation do not form the several organs and systems of plants and animals. These are all provided for them by 
nature from the beginning. Neither does extraneous, non-sentient, non-living matter form the plants and animals 
themselves. 
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The histories of plants and animals during development furnish important evidence of the differentiating power 
inhering in molecules, cells, germs, seeds, and eggs. If all these were originally identical, no differentiation or division 
of labour could possibly occur : plants and animals would all resemble each other. Instead of this, plants and 
animals vary infinitely. As the variation cannot be traced to the elements of the inorganic kingdom, it must be 
referred to the minute, living, primordial masses from which plants and animals originally proceed. These tiny, 
living masses are potential entities of the most extraordinary kind. They are independent things, each with a 
course, a career, and a goal. They arrive at the goal at a stated time and by a special route. They cannot alter 
either the route or the time of arriving at the goal. Plants and animals reach maturity in spite of themselves 
and by well-defined paths. They have no knowledge of the paths along which they are to travel, or the bourne 
at which they are ultimately to arrive in their course of development. The several parts of plants and animals 
are developed sometimes consecutively, and sometimes simultaneously — that is, the growing parts sometimes appear 
separately and independently, the one after the other, in a given order, and at other times synchronously or together. 
The parts fit into each other in the completed whole ; plants and animals being structurally and functionally perfect 
from the anatomical and physiological standpoints. The several portions do not produce each other : they form 
part of a scheme — a designed whole — and are means to ends. They are adapted to each other and to their 
surroundings. 

While the original molecules, cells, germs, seeds, and eggs cannot control the direction of their growth and 
the degree of their development, neither can the adult plants and animals modify or materially alter the molecules, 
cells, germs, seeds, and eggs which they, in turn, ultimately produce to perpetuate the types. The laws of repro- 
duction are, in a great measure, stereotyped. There are not only the most perfect arrangements for plants and 
animals reproducing themselves after their kind, but the tendency and desire to reproduce are universal. The great 
command, " Increase and multiply," applies to everything which lives. 

The relations of the rudimentary and young to the more perfect adult plants and animals are of the most 
intimate description. In the case of animals, the duties of the parent, as a rule, do not cease with the production 
of the ova or eggs. The eggs of birds have to be hatched out by the parent, and the ova of mammals have to be 
carried and developed by the mother until the period of parturition arrives. The ova occupy the ovaries of the 
mother even before the period of puberty arrives. After birth the offspring has to be carefully tended and nursed 
for longer or shorter periods. The arrangement in the case of mammals entails the most remarkable changes in 
the mother before and after the birth of the offspring. The mother supplies from her own blood and being during 
pregnancy the wherewithal to develop the embryo and foetus, and during the parturient period her mammary 
glands swell and produce a copious supply of milk in anticipation of the advent of the young animal. The food 
supply and the progeny are timed to each other. 

. The amazing transformations which occur in the progeny during pregnancy and after birth are all provided 
for. Can it be thought for a moment that the various phases of reproduction and development are due 
to chance ? 

A watch, which is one of the most ingenious of human contrivances, is a crude and clumsy invention when 
compared with a mammalian foetus ; but what is true of the one is true of the other as regards a designer. It is 
inconceivable that an impregnated human or other ovum could arrive at maturity in the uterus, and be born and 
cared for after birth, as apart from design. At every stage of the reproductive process there is evident adaptation 
even in the most trivial details. The various systems of the foetus are developed in anticipation of the functions 
they are to discharge. The heart is prepared to receive blood, the lungs air, the alimentary canal food. The organs 
are made for, and not by, the materials with which they have to deal. The blood does not cause the movements 
of the heart, the air those of the lungs and chest, and the food those of the alimentary canal. These movements are 
due to original endowment, and are necessary to the continuation of life. Similarly, the secreting and excreting 
glands are formed before they are called upon to discharge their peculiar functions. The salivary and gastric 
glands, the pancreas, liver, &c, are ready to digest the food and enrich the blood : the sudoriferous glands and 
kidneys to discharge effete products : arrangements are made not only for nourishing the offspring after birth, 
but also for keeping its blood pure. The lungs and skin take a prominent part in the purification. The several 
systems of the body are necessary to each other, and are all developed before they are required. The digestive 
system converts the food into chyle, the lymphatic system absorbs and adds it to the blood, the vascular system 
transmits the blood and feeds the tissues, the respiratory system oxygenates the blood and the tissues, the muscular 
system moves the several parts of the body, the osseous system gives them strength and leverage, and the nervous 
system co-ordinates and regulates the entire animal economy. These facts are wholly opposed to the theories of 
spontaneous generation, natural selection, evolution, irritability, and extraneous stimulation. They are also opposed 
to the mechanical theory of life. They support my contention of inherent, independent powers in molecules, cells, 
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germs, seeds, and eggs, and of original capacity for development in specific directions in every part of every plant 
and animal existing on the earth. 

What is true of the several systems of animals is also true of their sense organs. These are all formed before 
they are called upon to act. The eye is developed before it is exposed to the light ; the ear before it is acted upon 
by a sounding body ; the nostrils before they come into contact with smelling particles ; the mouth before it is 
supplied with sapid substances (food) ; and the skin before it receives impacts from the outer world. The young 
animal, if deprived of its sense organs, would, in a great measure, be helpless and very inadequately equipped to cope 
with the exigencies of life. The sense organs are prepared by nature in advance, and for the express purpose of 
nuking the animal superior to its surroundings and master of the situation. The sense organs grow and develop 
because of powers inhering in the impregnated ovum. They are not caused by externalities : light does not form 
the eye ; sound the ear ; odoriferous particles the nose ; sapid substances the mouth ; and the outer world the 
skin. Neither are the sense organs the product of voluntary effort on the part of the sentient animals themselves. 

The facts revealed by development unequivocally point to a First Cause and design, and it is mere perversion 
to attribute any one of them to chance. It is also, in my opinion, impossible to account for them by " natural 
selection " and " evolution," if by this is meant the manufacture of an animal out of a plant or of the several races 
of animals out of each other. Such a process must be inaugurated, regulated, and supervised by an omnipresent, 
intelligent Agent. These statements are not met by saying that rudimentary forms develop by accident or by effort, 
and by increments throughout the ages. There is no proof of this. The several types of animals are provided 
from the first with the organs (sense and otherwise) which adapt them to their surroundings and their peculiar 
modes of life. That the sense and other organs of the higher animals are not evolved from the rudimentary sense 
and other organs of the lower ones is evident from this, that many of the lower forms have certain of their organs 
more highly developed than are the corresponding organs of the higher animals. 

The sense organs are as truly original endowments as the organs of locomotion, whether these consist of suckers, 
cilia, feet, legs, hands, arms, fins, flippers, propelling tails, or wings. To say that rudimentary animals develop by 
accident or by voluntary effort during untold ages the organs on which their very existence depends is to reverse 
the order of nature. Such belief takes for granted a period of probation for the development of the organs during 
which the animals would be helpless, and, for the most part, starve. Animals live because the sense organs and 
organs of locomotion enable them to detect and to secure food. Where would a fish be as regards its food supply 
if deprived of its eyes and of its tail and fins, or a bird if deprived of its keen sight, wings, and legs, or a mammal 
if deprived of its eyes, ears, feet, legs, hands, and arms ? 

All animals move freely about in search of food, and their sense organs and organs of locomotion are, in every 
instance, adapted to their peculiar mode of life. 1 

The electric organ of the electric fish affords a good example of a large special structure which, strictly speak- 
ing, is not necessary to the fish as such. It is an original endowment ; its function being one of defence and attack. 
It cannot be accounted for either by " natural selection " or " evolution." The development of such a large heavy 
structure by increments extending over long intervals and before it was of use would have been an incubus and 
burden to the fish which it could scarcely have survived. Its development pari passu with the other parts of the 
fish entails no burden. The structure and function keep abreast of each other, and are mutually explanatory. 

The sense and travelling organs of animals are, in the majority of cases, due to infoldings of the skin and out- 
growths from the body, but the essentials of the infoldings and outgrowths are in the body itself. It is not con- 
ceivable that a fish could voluntarily develop eyes and a swimming tail and fins at discretion, or a bird and bat their 
eyes, ears, and highly complex and wonderfully differentiated wings, or a quadruped its five senses and beautifully 
devised, cunningly constructed legs, joints, and feet. Still less is it conceivable that these remarkable structures 
could be developed by accident from extraneous matter, that is, from the substances with which they come in con- 
tact, or the media on which they act. Animals cannot develop their sense and travelling organs by efforts of will, 
however long continued ; neither can they be developed accidentally by environment. The only possible explana- 
tion is that they are original creations. As a matter of fact, the sense and travelling organs are necessary to the 
continuation of life, in the same way that the molecules, cells, germs, seeds, and eggs are necessary to the beginnings 
of life. The sense organs and organs of locomotion are original endowments, specially provided to enable animals 
to maintain their places in nature. 

It is a remarkable fact that the several orders of animals, and each order separately, conform as regards their 
travelling organs to the requirements of their physical surroundings. Thus the animals which confine their move- 
ments mainly to the land are distinguished by small feet ; those which swim have expanded feet, flippers, fins, or 

1 In the case of plants and the more stationary animals the food either invests them or is hrought to them by pre -determined arrangements. 
The plant and stationary animal are provided for even in the absence of a locomotory ap(>aratus. 
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swimming tails ; those which fly have greatly expanded wings (Plate 1., Fig. 1, letters A to N inclusive). These 
remarks apply to all animals without distinction : to animals with and without a skeleton, and with and without 
limbs. The laws of locomotion are inexorable to the extent, that the animals frequenting the land, the water, and 
the air respectively, must be provided with travelling organs and surfaces adapted to at least one of the three high- 
ways of nature. The quadruped cannot swim so well as the fish, and the fish cannot fly so well as the insect, bat, 
and bird. The animals which excel in walking, swimming, and flying are of necessity provided with special walking, 
swimming, and flying organs. The sea-mammals, such as the porpoises and whales, are fish-shaped, and supplied 
with the expanded flippers (modified fins) and tails which characterise fishes. The reptiles which take to the water 
are furnished with expanded feet, flippers, or a broadly expanded swimming tail ; the fishes which fly are endowed 
with large, powerful, pectoral fins resembling wings, and the insects, bats, and birds which indulge in aerial loco- 
motion are, in every instance, equipped with greatly expanded pinions. Whatever the nature of the animal, its 
travelling organs are, and must be, adapted to one or more of the highways of nature. 

As further illustrating the special modifications and adaptations manifested in the locomotion of animals it 
may be stated that animals with small feet, such as the horse, deer, dog, and hare among mammals, and the emu 
and ostrich among birds, confine their movements almost exclusively to the land : those with expanded feet, such 
as the otter, platypus, seal, sea-lion, and walrus, restricting their operations largely to the water. The modifications 
and adaptations are even more marked in the sea-mammals, which have fish-shaped bodies, and can only swim and 
dive. The same is true of the penguins among birds. These have small rudimentary wings like flippers, and are 
most expert swimmers and divers, but most awkward, imperfect walkers. The flying fish, because of its greatly 
expanded pectoral fins, can make considerable excursions in the air, and the flying squirrel, galeopithecus, and flying 
dragon, which have large integumentary membranes extending between their anterior and posterior extremities on 
either side of the body, can take long leaps and glide parachute -fashion from elevations, trees, &c. The bat, the 
only mammal which now flies, has very large, splendid wings, their area exceeding that of the wings of many birds. 

As in the present, so in the past. Time was when the extinct reptile fish, the Ichthyosaurus, swam fish-like by 
the aid of a swimming tail and by flippers ; the extinct reptile bird, the Plesiosaurus, swimming by the aid of flippers 
alone. The extinct reptiles, the Pterodactyles, were provided with ample wings and flew in the air. The extinct 
sea-mammals, the Halitherium and Rhytina, were fish-shaped and adopted the fish form of locomotion. The 
extinct birds, the Dinornis giganteus, the Apteryx, and Dodo, had strong legs ; the wings being very rudimentary. 
They ran but could not fly. The various animals, past and present (whatever their nature) had to be provided 
with suitable organs of locomotion for the land, the water, or the air. No animal is equally well adapted for walk- 
ing, swimming, and flying. If it walks and runs well, it, as a rule, swims indifferently : if it swims well, it, for the 
most part, walks and runs badly : if it flies well, the chances are it neither swims nor walks well. There are, it 
should be stated, insects and birds which walk, swim, and fly indiscriminately, but they never attain to perfection 
in all three kinds of locomotion. The eagle, vulture, kite, falcon, and other large birds of prey fly magnificently, 
but jump and hobble when they attempt to walk : they cannot swim. The albatross, swift, swallow, and bat, while 
among the best of flyers, can scarcely be said to walk : the albatross only can swim. The penguin flies with great 
velocity under the water, but cannot fly in the air ; neither can it walk with any degree of steadiness. There are 
other birds, such as the grouse, partridge, and pheasant, which run and fly well but cannot swim. In all this there 
is design and law and order. If one or more of the three great highways of nature are to be traversed, the mechanical 
conditions of the highway or highways must be satisfied, and the animal, whatever its nature, must be provided 
not only with the organs and surfaces requisite, but it must possess the power and the skill to apply the organs and 
surfaces so as to obtain the reactions necessary for propulsion, or for propulsion and support. Animals could not 
maintain their places in nature unless they were differentiated and modified as regards the sense and other organs 
to adapt them to their peculiar modes of life. The developing frog in its tadpole stage illustrates the fish-tail 
swimming arrangement. In this particular case there is no time to manufacture a swimming tail according to the 
plan advocated by Mr. Darwin and the Evolutionists. The accidental trifling modifications, extending over vast 
periods, required by " natural selection " and " evolution " are wholly absent. The same is true of the young fish. 
The fish develops from an egg in which there is no trace of a swimming tail. A tail, however, as in the tadpole, is 
developed in a surprisingly short time and before our eyes. The fish-tail is not an accidental but a pre-determined 
structure. It is arranged for in the development of the fish from the egg. The young fish grows in two directions 
— dorsally and ventrally. The dorsal portion includes the back-bone, muscles, nerves, chief blood-vessels, &c. ; the 
ventral portion the alimentary canal, glandular system, &c. At first there is no mouth, alimentary canal, or vent ; 
the young fish being provided with a ventral bag of pabulum, which is gradually absorbed as development proceeds. 
The young fish is not permitted to die of inanition during development, from neglect or the absence of a First Cause 
and design. At the same time that the bag of pabulum is being absorbed, a mouth and perfect alimentary canal 
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for taking in and dealing with extraneous food, and a swimming tail to enable the young fish to catch it, are being 
provided. The alimentary canal would be of no use without the swimming tail, and the two are consequently 
developed together or synchronously. In the developing fish as in the developing frog, the accidental trifling modi- 
fications extending over protracted periods claimed for the production of organs and the several kinds of animals 
are wholly and entirely wanting. The Darwinian theory and evolution break down even in their boasted strong- 
hold of development. If the swimming tail can be developed before our eyes, and while we are, so to speak, watch- 
ing, there is no need to assume an infinity of accidental trifling modifications extending over practically unlimited 
time for its production. If the arguments for " natural selection " and " evolution " miscarry in cases of structural 
development which can be studied from day to day, and which are perfected in a few weeks or months, they ought 
to be discredited and abandoned. The development of a swimming tail is clearly a predetermined natural process, 
and has no connection either with " natural selection " or with " evolution." If the swimming thing had to wait 
for its swimming tail until formed by " natural selection " and " evolution " it would simply be non-existent : it 
would die of inanition while its swimming tail was in process of formation. There is no proof that the accidental 
trifling modifications which are said to occur from time to time in plants and animals, and which, according to the 
theories of " natural selection " and " evolution," are necessary to the production of the organs of plants and 
animals, and plants and animals themselves, are constant and cumulative. The missing links and gaps in plants 
and animals in present and past time are wholly opposed to these theories. 

§ 68. Design a Prominent Factor in Nature. 

Of design it may truly be said circumsjrice. It everywhere reveals itself to the careful observer. There is an 
eternal fitness in things — a fitness which has obtained from the earliest times and obtains now. Everywhere there 
is adaptation to environment. There is nothing out of joint, although to the finite mind, attempting to grasp the 
infinite, there are many things which are incomprehensible. There are cause and effect, law and order, and con- 
tinuity which proclaim a great First Cause as potent to-day as it was when the world was first created. There is also 
a persistent supervision of everything the universe contains as regards inorganic matter and physical force, and as 
regards organic matter and vital and mental force. Everything is interdependent. The organic kingdom comes 
from and returns to the inorganic one. Plants live upon the soil, the air, and the moisture and ingredients which 
these contain. Animals live upon plants and upon each other, and all, sooner or later, are resolved into the elements 
found in the earth, water, and air respectively. The sun, the great representative of force, heat, and light in our 
universe, is to be directly or indirectly credited with the movements of the earth and those marvellous cosmic 
changes which result in day and night, the seasons, the rise and fall of the tides, and various other phenomena on 
which the life and well-being of plants and animals depend. The elements form the tissues and substances of 
plants and animals through which they have, so to speak, a right of way. Plants and animals are incessantly taking 
in and giving out inorganic matter. They are, at no period in their histories, absolutely and identically the same. 
There is a constant give and take, an endless series of reactions as between living and dead things, which cannot 
possibly be accounted for by chance, and which necessitate the operation of an all-ruling Providence. 

It matters not in what direction we turn. Everywhere there is evidence of law and order in the inorganic 
and organic kingdoms, and it is the continued adaptation of the one to the other throughout the ages that more 
than any other thing proves the existence of an Omnipresent God. All physical and all vital phenomena are 
conditioned : they have their boundaries beyond which they may not go. While the phenomena in question are 
the outcome of law, a slight degree of variation is permissible to living things which have in themselves a corrective 
power — a power which enables them to depart from, and return to, their originals. The variation is, in every 
instance, trifling in amount, and confined as to time and place. It is thus we explain types and varieties in plants 
and animals. 

All research, so far, goes to prove that plants and animals are created according to types, the types being, as 
a rule, well marked, but, in some cases, shading off and becoming modified, and making it difficult to discover the 
type. These modifications have been seized upon by Evolutionists as a proof that all plants and animals are the 
outcome of a continued evolution from lower to higher forms, a conclusion by no means warranted by the facts. 
In the majority of cases the types can readily be made out, and they are distinguishable alike by the kind and 
degree of development, and the distribution of the types in time and space. 

The geological record shows, in many cases, an advance, maturation, and decline of a type. It also displays 
gaps in the flora and fauna which, while they are quite consistent with the separate creations of types, and the 
modifications, within limits, of these types, are inconsistent with, and destructive of, the theory of evolution, which 
logically requires unbroken continuity. 
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The Evolutionists evade this serious difficulty by saying that while the geological record is admittedly imper- 
fect at present, there are good grounds for believing it will not remain so ; some gaps having been partially filled 
up of late years. The argument is more ingenious than convincing. Conjecture cannot take the place of positive 
evidence. It is quite conceivable, and more than probable, that the Deity has placed boundaries to the great 
leading races of plants and animals. Such an arrangement makes for law and order. Evolution and endless 
modifications, for the most part, lead to confusion. As in the inorganic kingdom, crystals and other physical objects 
are built up in the same way and according to rules to which there are no exceptions, so in the organic kingdom, 
which is a differentiation and outgrowth of the inorganic one brought about by the introduction of life, there are 
main lines of development which are never departed from to any extent, but which, if departed from, even to a 
slight extent, can be righted by a power of correction which inheres in the individuals through which the departure 
takes place. The modifications in such instances are in no case indefinite. We have examples of this power of 
righting in cultivated vegetables, which if left to themselves, sooner or later return to their originals. The same 
is true of domestic or cultivated animals. The several varieties of pigeons return to the blue rock pigeon. There 
are limits, moreover, to cross-fertilisation. The mule and hinny are both barren, and similar remarks apply to 
crosses in birds. Granting, however, that evolution in the widest sense obtains, it affords no proof of the non- 
existence of a First Cause. Evolution beginning in the vastly remote past in a jelly speck of apparently homogeneous, 
undifferentiated protoplasm, and ending, after infinite permutations in infinite time, in the most highly cultured 
modern man, would, in some senses, be a more extraordinary creative feat than the formation of types at various 
periods of the world's history. Evolution does not get rid of the Deity. Neither does it prove that life and the 
formation of plants and animals are the result of spontaneous generation. No one has ever seen the birth of a new 
plant or animal, and no chemist or physicist has been able to manufacture either. 

Plants and animals are, in every instance, the product of pre-existing germs, seeds, or eggs. It has been again 
and again shown that if the germs, seeds, and eggs which float in the air are rigorously excluded from organic solu- 
tions such as are furnished by chopped hay and water, turnips and water, flesh and water, &c, the infusions are 
invariably barren. This was shown by the illustrious Pasteur more than a quarter of a century ago, and the late 
Professor Tyndall afforded convincing proof in the same direction. M. Pasteur found that if he trapped by long, 
bent, crooked tubes, or destroyed by great heat, the infinitely minute germs, seeds, and eggs which are suspended 
in the atmosphere, and prevented their getting into the organic solutions, the solutions invariably remained barren. 

Tyndall arrived at the same conclusion by another method. He made two small closed glass chambers with 
sliding doors, the interior of one of which he smeared with glycerine. These he kept in a still place and away from 
draughts. After a considerable interval the germs, seeds, and eggs floating in the air in the glycerine chamber were 
caught (trapped) on the bottom, sides, and top of the chamber. He then cautiously introduced equal portions 
of the same organic infusion into the two glass chambers respectively, with the result that the portion in the 
glycerine chamber (the air of which was, so to speak, filtered) invariably remained barren, while that in the non- 
glycerine chamber sooner or later teemed with life. Other investigators equally competent to deal with the subject 
obtained similar results by other and ingenious methods devised by themselves. 

So far as is known at present there is no such thing as spontaneous generation or a creation of life de novo. 

Spontaneous generation is for some a fascinating doctrine. It is delightfully vague, and gives a free rein to 
the uneducated, and to those who are anxious to evade responsibility by denying the existence of a God, and who 
prefer to refer the universe, and everything it contains, to accident or blind chance. They say, without the faintest 
tittle of evidence, that matter created itself, that it assumed motion as in the heavenly spheres, and that it ulti- 
mately assumed life as we know it on the earth in living plants and animals. Strangely enough, Professor Tyndall 
latterly attributed a universal power to matter as apart from life. In like manner Mr. C. Darwin committed himself 
to evolution and the development of man from lower forms. These great scientists were apparently carried away 
in their enthusiasm by views which they at first accepted charily and with extreme caution. Where so many out- 
standing evidences of design present themselves, it is difficult to make a wise selection of proofs. No doubt the 
most astounding examples of design are revealed by the telescope when directed to the heavens. There we behold 
what are practically unlimited matter, unlimited space, and unlimited power : great suns and solar systems ; untold 
planets, satellites, and comets ; stars which in number exceed the sands of the sea ; the Milky Way with its 
marvellous wealth of nebulae ; and, greatest marvel of all, the vast, ponderous heavenly bodies delicately poised and 
wheeling in space as lightly as if wholly devoid of substance. 

Those stupendous orbs, the sizes and distances of which can only be approximately computed, thread their way 
among each other with extraordinary exactitude, and, at times, with incredible rapidity — a rapidity so great that 
mathematicians are at a loss to compute and the mind to grasp it. The heavenly systems, so vast and so various^ 
as regards size, shape, and movement, cannot possibly be explained by any concatenation of circumstances in 
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which the element of chance enters. The heavenly bodies are all under law and order, and so great is that law and 
order that astronomers can calculate and predict unerringly the dates of the eclipses of the sun and moon, the 
appearance and disappearance of comets, &c. As science advances and more powerful telescopes are invented, 
undreamt-of wonders reveal themselves, and the mind, surfeited and in a manner overwhelmed, recoils from the 
stupendous task of describing and delineating them. 

What is true of the telescope is equally true of the microscope. The universe is at once inconceivably great 
and inconceivably little. There is practically no limit to the division of matter and the number of rudimentary 
plant and animal forms which the modern microscope reveals. Here, as in the heavens, untold wonders await us. 
Not only are there endless bacteria 1 and other low vegetable forms all but invisible with even the highest powers 
of the microscope, but there are corresponding minute animal forms in incalculable numbers. 

The bacteria and low vegetable forms, and the minute rudimentary animal forms, especially the former, possess 
a truly amazing power of fertility. They are to be counted by millions in even the most confined spaces, and play 
a leading rdle not only in the fertilisation of the soil and the production of food stuffs, but they are also active agents 
in putrefaction and in setting up nearly every form of contagious disease. They have thus a high mission to per- 
form ; a mission so important that one cannot help regarding them as the emissaries of an all-wise Being Who directs 
and controls their operations under all circumstances. Microbes and animalcules enter largely into our food and 
drink in the healthy state, and are accountable for most of our diseases. Here is interdependence of a pronounced 
kind as between the most rudimentary and despised living forms and man himself. Nothing lives by itself and 
for itself, and all things are made subservient to each other and for the wisest of purposes. Man with his boasted 
superiority, mentally and physically, is associated with the lower rudimentary vegetable and animal forms in a way 
which, to some minds, is not a little humiliating. He, in common with the higher animals, is a host and hostelry 
for an incalculable number of low living forms which at times inhabit his tissues and revel and multiply in his 
blood. There are friendly and unfriendly microbes, and the prevalence of the one over the other, in a large number 
of cases, determines the degree of health and of disease. Truly the issues of life and death hang on very slender 
threads, and the wonder is not that we are occasionally sick and out of sorts, but that we are ever well. 

In addition to the microbes referred to, there are other pests, such as the Trichina spiralis, guinea worm, thread 
or round worms, tape-worms, bots, &c. The subject of parasites favours design, inasmuch as certain plants and 
animals avail themselves of the labours of other plants and animals ; the higher forms being made a convenience 
for the lower forms. It is not conceivable that the lower forms should acquire this mastery as apart from an 
intelligent Cause giving them the victory. 

Very powerful arguments for design are to be drawn from the growth, life history, and reproductive powers 
of plants and animals. 

Before plants and animals could exist on the earth much and elaborate preparation was necessary. The heavenly 
bodies had to be created and set in motion. The sea, earth, and atmosphere had to be formed. Plants which 
directly draw their sustenance from the earth, air, and moisture derived from the sea, lakes, or rivers were first 
produced. Animals which, for the most part, live upon plants were a later or subsequent creation. Plants only 
can live on inorganic matter : animals cannot live directly on the elements ; their food must be prepared. This 
important function is discharged by the plants, which store up the elements in their own substance in a form which 
makes them available and readily assimilable by the animals. The plants which feed upon inorganic matter supply 
the food of animals. 

The relations which obtain between plants and inorganic matter, and between plants and animals, have always 
existed. They have, however, varied slightly at different times. In the immeasurably remote past, the composi- 
tion of the atmosphere was not exactly what it is to-day. It contained a larger amount of carbonic acid. The 
temperature was also higher. These differences induced corresponding differences in plants and animals. The 
flora and fauna of the early day had to accommodate themselves to existing circumstances. The hot, humid 
atmosphere surcharged with carbonic acid supplied the conditions for a vigorous race of tree and other ferns and 
tropical plants, which grew so luxuriantly that they covered large portions of the earth's surface in successive layers ; 
plants growing upon plants ad infinitum. These huge deposits of plants, due mainly to excess of heat and light, 
and a moist, peculiar atmosphere, form the coal measures of the present day. Their present position in the bowels 
of the earth was a mere question of subsidence extending over long periods. They gradually sank and were covered 
over by cosmic dust, by water deposits, and by agents which are constantly at work in the reduction of rocks and 
the production of soil. 

1 Cohn has divided l>acteria into (a ) sphero-bacteria, or spherical bacteria ; {b) micro- liacteria, or bacteria in the form of short rods, including 
the genua Bacterium ; (c) desmo-bacteria, or bacteria in straight filaments, of which the genus Bacillus is a type ; (rf) spiro-bacteria, or lwcte^ft 
in spiral filaments, as the genus Vibrio. 

vol. 1. 2 z 
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That the flora of bygone ages formed the coal measures is abundantly proved by this, that the microscopic 
structure of coal is absolutely identical with the structure of many plants, and coal when ignited burns exactly 
as a piece of well-dried timber does. It thus happens that the heat and light stored in the aboriginal tree-ferns 
and other tropical plants are both available for the use of man at the present day in as great a degree as the modern 
forest is. There is no destruction of either matter or force. The form of the one and the direction of the other 
only are changed. 

The apparently inexhaustible supplies of petroleum which unbidden flow from the interior of the earth have 
also a plant origin. This is proved by the fact that spirit can be distilled from petroleum, and even a cheap kind 
of champagne manufactured from it. It is also proved by the multiplicity of plant products obtained from coal 
tar, among which may be mentioned the exquisitely beautiful aniline dyes, and numerous delicate and much 
appreciated flavours. 

It is difficult to avoid coming to the conclusion that those stored and hidden vegetable treasures were originally 
designed for the use of man even though he had not yet made his appearance on the earth. This view would be 
quite in accordance with other pre-determined arrangements seen in the case of parent and offspring, where provision 
is made for the development of the foetus in utero, and for its nutrition the moment it is born. 

The primary conditions of the earth, atmosphere, and climate referred to affected not only the pristine flora 
but also the pristine fauna. Both plants and animals in the remote past were different from what they are to-day. 
The plant life was more luxuriant, and the animals were, as a rule, larger. As already stated, the majority of 
animals live upon plants. If, however, the plants of the early day were more abundant, more luxuriant, and more 
juicy and succulent, it follows that the animals, more bountifully and effectively fed and nourished, would increase 
in size, hence those great and magnificent ante-diluvian mammalian types which include the Megatherium giganteum, 
the Toxodon, Woolly Rhinoceros, Rhinoceros tiehorhinus, Palwotherium, Mammoth, Elephas primigenius, Giant Irish 
Deer, Cervis giganteus, Dinotherium giganteum, Titanotherium rdbustum, Elasmotherium, Dinoceras mirabile, 
Arsinoitherium Zitelli, Helladot her turn, Mylodon, Glyptodon, and Diprotodon. Likewise the huge old-world reptiles 
which are at once the wonder and admiration of the modern savant ; such as the Iguanodon berni&sartensis, 
Atlantosaurus, Brontosaurus, Ceteosaurus, Diplodocus, Triceratops, Stegosaurus, Pariasaurus, Dimetrodon, Plesiosaurs, 
and Ichthyosaurs. 

Nor must the great flying reptiles, the Pterodactyles, be omitted in this connection. Reference must also 
be made to the great wingless bird of New Zealand, the Moa, allied to the ostriches of Africa, the emus and casso- 
waries of Australia, and the rheas of South America. 

To give an idea of the enormous size of some of the extinct animals named, it is only necessary to state that 
the thigh-bone of the Atlantosaurus is six feet in length, that of a large elephant being only four feet. The 
Diplodocus carnegii measures eighty feet in length. The giant wingless bird, the Moa (Dinornis mazimus), is 
from twelve to fifteen feet high. 

While the majority of the extinct reptiles, birds, and mammals greatly exceeded that of modfern times, it must 
not be inferred that there are no large animals in the present day. On the contrary (so far as is known), the 
modern whales are much larger than any animals known to palaeontology. 

The great size of the whales is, in all probability, due to the excess of rich, nutritious food in the ocean, the 
size and food of animals bearing a certain relation to each other. 

One very remarkable fact to be noted in connection with the great extinct animals is, in many cases, the very 
small size of the brain in comparison with the size of the body. This would seem to indicate that the animals in 
question were content to vegetate and lead indolent lives. It is just possible that the want of brain power had 
something to do with their extinction. The peculiarity of the smaller modern animals is their comparative excess 
of brain. This is especially the case in man, who is admittedly the ruler of the world. 

Everything in the universe hangs together. External conditions (within limits) influence and modify races 
of plants and animals, but the modifications do not destroy the identity of the types, and old-world plants and 
animals have their representatives in various parts of the world at the present day. Tree-ferns are found in New 
Zealand, and the Indian and African elephants are the near relatives of the Mastodon. 

The changes in the external conditions of plants and animals in pre-historic and present times do not destroy 
the fundamental relations between plants and inorganic matter on the one hand, and between plants and animals 
on the other. The plant, whatever its size, shape, and nature, must find its pabulum and substance in the inorganic 
kingdom ; and the animal, be it great or small, must find its nourishment and sustenance in the plant or in some 
other animal which has lived on the plant. The mere form and size of plants and animals do not disturb or 
destroy the fundamental relations referred to. 

That the several races of plants and animals are, in some measure, dependent upon the quantity of heat, light, 
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and moisture in the localities in which they are found is apparent from this, that in mountainous regions there are 
belts of vegetation in which particular trees and shrubs flourish ; each zone of vegetation characteristically differing 
from the others. Thus the highest zones produce plants and animals whose homes are in northern climates — for 
example, the arctic regions ; the lower zones producing such only as are found in warmer climates, tropical, sub- 
tropical, or otherwise, in different parts of the earth. When, in mountainous districts, the snow line is reached, 
only mosses and the meanest and hardiest plants are met with. The giant trees and tall shrubs are found at lower 
levels, where the climate is milder. The geological record testifies to the same thing in animals. Remains of 
whales have been dug up in the valley of the Tay in the vicinity of Perth, Scotland ; and Mastodons have been 
exhumed in the valley of the Thames, near London, England. These two facts conclusively go to show that the 
climate of Great Britain has been at one time arctic in character, and at another, tropical or semi-tropical. 

Plants and animals are adapted to their habitats by the Great Designer, but they have also, up to a point, 
a power of adaptation in themselves. The rhinoceros was originally and is now a typical tropical or semi-tropical 
smooth-skinned pachyderm. When it migrated northwards, which it did at one period, to a colder climate, it grew 
hair, and hence the woolly species. The same is true of certain of the elephant tribe, which acted in a precisely 
similar fashion. The Mastodon had a hairy integument. The negro, who inhabits various parts of Central Africa 
and who is exposed to excessive heat, has developed a thick, oily skin crowded with dark pigment, woolly hair, and 
a comparatively thick skull. These changes in the skin and hair of the rhinoceros, the elephant, and the negro 
are largely due to the operation of external influences. They are also traceable to a power of accommodation 
inhering in the individuals themselves. Moreover, the changes are little more than skin deep. The negro remains 
a man, and the woolly rhinoceros and hairy elephants have not parted with their distinguishing characteristics. 
Environment invokes, rather than causes, slight modifications in plants and animals. If more be conceded, mere 
externalities are accredited with powers they do not really possess : the externalities usurp the prerogatives of life. 
In other words, modifications in plants and animals come from within more than from without. Mere environment 
can achieve nothing. The question in every case comes to be, Can plants and animals modify and accommodate 
themselves to their surroundings and live, or must they go to the wall and die because of their inability to modify 
sufficiently ? One often hears environment spoken of as the chief factor in the modification of plants and animals, 
but it is safe to assert that environment never leads. All modifications, be they great or small, begin and terminate 
in the plants and animals themselves. In order to give undue prominence to the power of environment, those who 
theorise on this subject assume that plants and animals are provided with irritable constitutions, and external sur- 
faces which are influenced by stimuli supplied by environment. They largely ignore the vital and sensitive powers 
of plants and animals, and regard plants and animals as mere machines or automata, which they certainly are not. 

I have alluded to the power of growth and reproduction in plants and animals, and there is perhaps no subject 
in the whole range of physiology in which design and the persistent nature of types can be more readily and satis- 
factorily made out. Growth and reproduction are fundamental in their nature. Like produces like, both in 
plants and animals. However much germs, seeds, and eggs may resemble each other even under the highest 
powers of the microscope, they essentially and materially differ. An orchid cannot be produced from the seed of 
a wallflower, neither can an alligator be produced from the egg of a fish, or a giraffe from the ovum of a lion. The 
essential differences which meet us at the very beginnings of life must be admitted and faced, whatever the micro- 
scope says and whatever ultimate chemical analysis says. The microscope, chemical analysis, and human vision 
aided and unaided, are incompetent to distinguish and demonstrate the difference, but the adult plants and animals 
testify to an inherent dissimilarity which makes them what they are, and which has distinguished them from the 
moment the male and female elements came together and made reproduction possible. Every germ, seed, and egg 
(and the same is to be said of the male elements where they exist) have characteristics which cannot be ignored or 
set aside. The division of plants and animals into families, orders, genera, and species depends upon this difference. 

Some investigators, bent on simplifying the mysteries and complexities of nature, have ventured to assert 
that all plants and animals proceed from protoplasm which is absolutely homogeneous and identical in all its parts 
and particles. This view is it priori unthinkable. The same protoplasm, placed in exactly the same conditions 
of heat, air, moisture, &c, would produce only one kind of plant or one kind of animal. It would be impotent and 
wholly inadequate to produce the leading races of the vegetable and animal kingdom. To have a legitimate dis- 
tinction, there must be an actual difference, and the obvious inference is, that the great races of plants and animals 
differ because their male and female elements (which are their most essential parts) differ. 

If for the sake of argument it be admitted that the ovum or female element in plants and animals is homo- 
geneous and identical, then it must be conceded that the male element, in whatever form it appears, is characteristi- 
cally and fundamentally different. From male and female homogeneous absolutely identical elements, as already 
stated, only one kind of plant or animal could possibly proceed. The beginnings of plants and animals are in every 
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instance conditioned. The perfected plant and animal exist potentially in the male and female elements, the con- 
junction of which produces the new being. There is no such thing as chance in the development of any part of a 
plant or animal. The end is seen from the beginning, and the atoms, molecules, and soft and hard parts of every 
organism arrange themselves according to law and order, and according to a fixed plan which is never departed from. 
Growth cannot, under natural conditions, act by chance or in a haphazard way. Plants and animals in growing 
follow the lead of their progenitors. Some grow in straight lines and radiate like certain crystals ; others grow 
in curves ; others in spirals. As a rule, plants and animals are symmetrical : symmetry of itself implies design. 
But (and this is the remarkable thing) the symmetrical plants and animals repeat and slavishly copy the general 
form and peculiarities of their parents. 

§ 69. Design as seen in the Gradation of Plants and Animals, and in the Arrangements for Walking, 
Swimming, and Flying. 

Another subject having an obvious bearing on the question of evolution considered from the developmental 
and morphological point of view is the appearance on the earth, according to the geological record, of the more 
simple before the more complex plants and animals. While fully recognising the gradual differentiation which 
characterises the development of man and the higher animals in utero, and the existence of the simple animals at 
a period anterior to the advent of complex ones, I cannot admit that the higher forms are the lineal descendants 
of the lower forms in the evolutionary sense. In other words, I am not disposed to regard man as the product of 
a mollusc even if unlimited modification and unlimited time be granted. Such an assumption (and evolution must 
always remain an assumption) is, it appears to me, derogatory to the stupendous powers inhering in the Omni- 
present Framer and Upholder of the universe. Evolution implies an ascent from a lower to a higher type, from 
an imperfect to a more perfect form, by a continuous process of development. In nature, however, there is not a 
perfectly uniform advance. On the contrary there is, at times, a deterioration ; the plants and animals retrograding. 
This is the case in many parasites. But apart from advance and retrogression, it cannot for a moment be doubted 
that the Great First Cause would have had no more difficulty in creating a highly complex organism than a simple 
one. Evolution is not necessarily a part of the scheme of creation as we know it. All things are possible with 
the great " I am." Time, space, and matter are equally at His disposal. He commits no mistakes. The Ancient 
of Days has nothing to learn. His works were as perfect at the dawn of creation as they are now, and no good 
reason can be assigned why the higher animals, and even man, should not have appeared on the earth in as perfect 
a condition as we now behold them. 

The existence of an Omnipresent Deity is, however, not excluded even by evolution. Nothing can be evolved 
which is not previously involved, so that evolution in its widest and most philosophic sense requires a First Cause 
and a pre-existing state of things. Further, the great Designer could with equal facility have furnished the world 
with its existing and pre-existing races of plants and animals by a series of separate creations according to types, 
or He could have impressed upon living matter (plant and animal) at the outset those tendencies which would 
inevitably result in a state of things identical with that which exists now and has existed from all time. In either 
case creation would be a progressive work. The world and all it contains is possible on either supposition. 

The creation, at different periods, of advancing types, and a continuous evolution from lower to higher forms 
may both be explained by design and a pre-arranged plan. In either case a common idea runs through the whole. 

The plan adopted in the construction of plants does not essentially differ from that adopted in the construc- 
tion of animals, and both more or less closely resemble in their external configuration and general arrangements 
similar plans met with in the physical universe and in the mineral kingdom. The plans referred to provide the 
original stellar, dendritic, spiral, circular, and other forms with which botanists, zoologists, anatomists, and 
physiologists are familiar. Nor will this occasion surprise when it is remembered that plants and animals are the 
direct product of the mineral kingdom, plus life ; the elements which form the bodies of plants and animals being 
in every instance supplied by the physical universe. Further, the same elements, to a large extent, enter into the 
bodies of plants and animals alike. If, however, plants and animals are the offspring, so to speak, of the physical 
universe, it is plain that the organic and inorganic kingdoms must have much in common, and be amenable to the 
same laws, and so it is in reality. All living things, plants and animals alike, are of the earth earthy, in the sense 
that the elements which form their bodies come from, and ultimately return to, the physical universe. In this is 
to be found an explanation of the fact, that crystals and dendrites resemble each other, that plants resemble crystals 
and dendrites, and that animals resemble plants, crystals, and dendrites respectively. 

The symmetry and the repetition of parts which characterise crystals and dendrites reappear in both the vegetable 
and animal kingdoms. This was to be expected, as the articulata foreshadow the vertebrata, and even the highest 
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animals, man included. All are the outcome of a common design. The universe is to be regarded as a harmonious 
whole. It is in no sense a patchwork. The inanimate physical part of it supplies the original bodies of plants and 
animals : it also provides a home and food for them. The inanimate and animate kingdoms cannot be separated 
from each other even for the shortest interval of time. The two are interdependent in the widest sense. Not only 
are plants and animals indebted to the physical universe for everything they contain at the outset, they are also 
indebted to it for subsistence throughout their entire lives. The heat, the moisture, the atmosphere, and the 
pabulum of plants are all physical. Plants form the food of animals, so that even the food of animals is physical 
at one remove. Heat, moisture, air, and food are necessary to both plants and animals, and both are constantly 
taking in nutritive materials and giving out waste products. Plants and animals are active and passive by turns : 
they require rest at stated intervals. Again, the physical universe comes to the rescue : the seasons, and day and 
night, are provided. Plants and animals, as a rule, rest more or less completely during the night : they also rest 
in a wider sense during winter. Rest in plants and animals does not mean a complete cessation of the activities 
of life, but only a damping or lowering down. A large number of plants partially close their leaves at night — in 
other words, sleep. The same is true of animals. Both plants and animals are more active in summer than in 
winter, and not a few hibernate. 

The juices of plants and animals circulate with less vigour during the night than during the day, and during 
the winter than during the summer, but the juices are never suppressed or their movements wholly stopped. The 
juices and movements are both present, and they are slowed and quickened to meet the vicissitudes of the seasons 
and the alternations of day and night. All this means that the relations which exist between the inorganic dead 
kingdom and the organic living one are of the most fundamental and intimate description. Cell growth is only 
possible at certain temperatures, and is prevented by excess of cold or excess of heat. Proofs of design in the 
inorganic and organic kingdoms, and of the adaptation of the one to the other, everywhere abound. Not only do 
plants and animals directly proceed from the physical universe, but all their modes of life and habits conform to 
it. Nay more, their movements (when movements occur) are adapted to it. Here again design and law and order 
come to the front. The physical universe provides three great highways for animals, namely, the earth, the water, 
and the air, and all animals which elect to traverse these highways must have their travelling organs and surfaces 
modified and adapted to one or other. To this there is no exception. The land animals which walk and run must 
be provided with small feet ; the swimming animals with tails, fins, and flippers ; and the flying animals (insects, 
birds, and bats) with wings. The travelling organs of animals furnish a striking proof of design. They are specially 
modified to meet the requirements of the earth, water, and air respectively ; the earth providing an unyielding 
fulcrum for the feet of animals, the water a yielding incompressible fulcrum for the tails, fins, and flippers of fishes 
and sea mammals, and the air a still more yielding and highly compressible fulcrum for the wings of insects, birds, 
and bats. 

Wings, of all the travelling organs, are the most delicately and beautifully constructed. They are marvels of 
design, being at once strong and light, accurately poised, and mobile and elastic in an astonishing degree. They 
are of three kinds, as seen in the insect, bird, and bat (Plates li., liii., and liv.). In every case they are triangular 
in shape, slightly twisted upon themselves, and delicately and exquisitely graduated ; the thicker parts occurring 
at the root and along the anterior margin, the thinner and most elastic parts at the tip and along the posterior 
margin. So inexorable is the law which regulates the make and shape of wings, that some of the winged seeds — 
those of the plane tree, for example — conform to the prevailing type. The winged fruit of the plane tree might, as 
far as the structure and shape of its wings are concerned, be mistaken for a large moth. 

The wing of the insect is a very dream as regards structure, function, and colour. The dainty, delicate, ever- 
varying tints of the wing of the butterfly ; the transcendently beautiful tracery of the wing of the dragon-fly ; and 
the extraordinarily complicated yet simple movements of all wings, baffle description. It is only the entomologist, 
physiologist, and physicist who can even approximately appreciate their many perfections. 

It would be easy to multiply indefinitely examples of design in the organs of locomotion as a whole, but as this 
subject is treated at considerable length in another part of the work, it is not necessary to discuss it further 
at present. 

The lesson to be learned from the foregoing (and it is an important one) is that the needs of plants and animals 
as regards food, and the modes and means by which they obtain it, exercise a marked influence on their general 
form and that of their organs, and must be taken into account in considering types and all kinds of classificatiDn. 

The simplest plants and animals (cell plants and animals, protista, amoebae, Ac.) have few wants, and there 
is next to no need for differentiation ; although even in these their bodies are not formed of absolutely homogeneous 
materials. A little plain food suffices. As soon, however, as the food becomes compound, varied, scarce, or difficult 
to procure, distinct organs become a necessity. An alimentary canal or its equivalent, which means a digesting 
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apparatus in some form, is called for, and this implies a circulatory and respiratory apparatus to distribute and 
purify the nutritious juices. Nor does the matter rest here. The food may not be at hand, and may have to be 
searched for and even caught. Travelling and capturing organs in the shape of protrusions of sarcode, pseudopodia, 
cilia, flagella, teeth, limbs, fins, flippers, wings, &c., become imperative. These travelling and capturing organs in 
turn necessitate (or may necessitate) the presence of bones, muscles, nerves, brain, and other structures capable of 
producing movements. 

The question of food very largely dominates the shape and the degree of differentiation of plants and animals. 
From the first they are modified to cope with the food on which they are to subsist. Indeed it may safely be 
asserted that plants and animals are primarily modelled and planned to meet the food requirements. The call 
for food is incessant, and much time and energy are necessarily devoted to securing and dealing with it. The appetite 
for food, and the fundamental tendency to reproduction, account for the major portion of the activities of both 
plants and animals. 

Living organisms as a whole, and all parts thereof, must, in the nature of things, possess the power to sustain 
and reproduce themselves ; and in order to discharge these two primary functions they are, in all cases, specially 
designed and specially constructed. The desire for food takes precedence of that for reproduction, as plants and 
animals must be well fed and healthy before reproduction can take place. Not only the general shapes of plants 
and animals, but the shapes of their several organs, and the arrangement of the atoms and molecules forming the 
organs, are all modified to deal effectively with the subject of food. Plants and animals in the matter of food are 
aggressive. They lay themselves out for and stretch forth their substance to obtain it. They advance towards the 
food and are ready to seize it when it is in their vicinity. The food has to be drawn into their substance. The 
craving for food is peculiar to plants and animals and is in themselves. Food does not produce appetite or act as a 
stimulus, neither is it to be regarded as an irritant. Hunger in animals occurs equally in the absence and presence 
of food. The several kinds of food, moreover, have nothing to do with the production of the organs provided to 
seize and deal with it. These are supplied independently and in advance. Each plant and each animal has its 
special food and other endowments. 

In the insectivorous plants, Venus's fly-trap, sundew, &c, the leaves are flattened and furnished with highly 
sensitive hairs, which when touched inaugurate movements capable of catching flies, beetles, ants, Ac. In the collared 
monad (a low animal form) a pear-shaped body surmounted by a funnel-shaped cavity with a vibratile flagellum is 
supplied. This flagellum, wielded with extraordinary dexterity and skill, produces water currents which float the food 
into the interior of the animal. In the paramecium the body is covered with a multitude of swiftly-moving cilia 
which enable it to dart in any direction it pleases in pursuit of food. In the vorticella the cilia invest the margin 
of the cup-shaped disc, and by their movements direct the floating particles of food unerringly into its substance. 
In addition the vorticella is provided with a most exquisite spiral stem, by the aid of which it can instantly project 
itself against or recede from submerged particles, edible or otherwise. Other animals adopt other modes and assume 
various shapes in securing food. The Articulata become segmented and develop legs, by means of which they move 
towards their food. These movements may be slow, as in the caterpillar, or comparatively quick, as in thejspider 
and ant. As we rise in the scale of being, distance and time become elements in the food supply. The larger, 
complex animals require more food, and in order to obtain it must travel further afield and at a greater pace. 
Travelling extremities, fins, flippers, and wings must be added to the food-securing apparatus. We have, as a con- 
sequence, not only creeping things, of which the caterpillar is a good example, but creatures which can walk, run, 
and leap on the land ; fishes and water-going mammals which can swim in the water ; and insects, birds, and bats 
which can fly in the air. A series of the most extraordinary modifications is introduced by the food requirements. 
The food question practically determines the anatomy and physiology of plants and animals. 

It is scarcely possible to attach too much importance to the food-securing and procreative powers. The food 
supply, physically speaking, is at the root of the whole matter. Plants and animals, as explained, derive their sub- 
stance, directly or indirectly, from the inorganic kingdom : plants also derive their food from the same source and 
at first hand ; animals deriving their food at second hand from the plant, or at third hand from other animals. The 
special forms, arrangements, and laws peculiar to the inorganic kingdom become, by incorporation, the forms, 
arrangements, and laws of the organic kingdom. These laws are practically inexorable, and so it happens that the 
elements, and the atoms composing them, both without and within living bodies, have a tendency to act in given 
directions and to assume characteristic typical shapes. In this we have an explanation of the radiating, concentric, 
curvilinear, spiral, dendritic, branching, and other arrangements met with in crystals, plants, and animals respectively. 

The reproductive function, as stated, is second in importance to the food-securing and digesting, assimilating 
function : but here again all the peculiarities referred to reappear. Plants and animals resemble each other, and 
both resemble certain crystals ; but plants and animals in the reproductive process simply ring the changes, as each 
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produces only its own kind. Plants and animals in reproducing themselves cannot dissociate themselves from the 
matter of the universe and the forces and laws which govern and compel it, nolens volens, to assume certain distinct 
forms. A more comprehensive scheme and division of plants and animals than has yet been attempted becomes 
possible. Hitherto, classifications have hinged largely on slender and, in many cases, trifling points of agreement. 
This is well seen in the case of animals, where the data for classification consist of the possession or non-possession 
of a stomach or its equivalent ; the number and nature of the teeth ; the presence or absence of segmentation, a 
back-bone and extremities ; the possession or non-possession of gills and lungs ; the presence or absence of a 
circulatory apparatus, and a heart with one, two, three, or four cavities ; the presence or absence of glands, 
lymphatics, a muscular, osseous, nervous system and sense organs ; the mode of development, placentation, &c. 
Now all these peculiarities of structure are directly or indirectly traceable to the food problem. 

In the higher animals, a segmented body with muscles, bones, nerves, sense organs, and appendages in the shape 
of limbs, fins, flippers, and wings is necessary to secure the food ; an alimentary canal with teeth, stomach, glands, 
and a lymphatic system to digest and assimilate it ; a circulatory apparatus to distribute it ; and a breathing 
apparatus to aerate the blood it produces. When the animal is built up and in a healthy condition, then, and only 
then, does the subject of reproduction, placentation, and other peculiarities of development come into play. The 
food appetite at once precedes and produces the reproductive appetite. All else follows. The amenities and 
pleasures of life largely depend on the abundance and quality of the food, and on the possession of healthy bodies. 

§ 70. Design as Manifested in the Reproduction and Growth of Plants. 

The seed of the plant in growing displays design in a marked degree. When planted under* favourable condi- 
tions, in a suitable soil, the one part of it (the plumule) ascends into the air and seeks the light and forms the leaves 
and stem ; the other part (the radicle) descends into the earth and seeks the darkness and forms the root. The 
plumule and radicle never change places or commit mistakes as to their respective positions and functions. 1 Drop 
seeds as one may, when germination occurs the leaves and stem always ascend while the roots and rootlets descend. 
In this a directive agency is displayed either by the seed itself or by a power outside the seed. Clearly the seed 
can only grow in one particular way, and it displays, in growing, prescience of a kind. 

The plant grows upwards by its stem, downwards by its roots, and outwards by its branches and leaves. It 
spreads itself in space to carry on its vito-chemical processes. If the vertical stem be placed in a horizontal position 
it will, after a time, curve upwards in a perpendicular direction ; if the roots from any chance become exposed, they 
will re-enter the ground at the first opportunity. 

The plant is imbued with what is virtually a sense of direction. It is a living, sentient, responsive thing. Its 
stem, branches, and leaves invariably grow upwards into the air, where there are light, heat, and moisture ; and the 
roots as invariably grow downwards into the soil, where there are darkness, gases, moisture, and a certain degree of 
heat. The plant has either in itself a guiding power which it exercises spontaneously, or it is controlled by an intel- 
lectual Power outside itself. The plant is obviously a conditioned thing, free to act only in certain directions and 
within certain limits. All its parts are controlled to given ends. Its structure is never haphazard. It assumes 
an infinite variety of the most beautiful forms, and these are, for the most part, symmetrical. In many cases these 
forms are so exact that they resemble crystals ; the parts repeating themselves with admirable precision. In 
other cases the parts are arranged in the most exquisite spirals, single and simple, double and compound. There 
is no end to the diversity, but design can, in every instance, be traced. In some instances the stems are straight, 
in others spiral and twisted, and so of the branches, leaves, flowers, and fruit. On making transverse sections of 
the parts enumerated, especially the stems and branches, a radiating, concentric arrangement is witnessed similar 
to what occurs in many crystals. These indicate rays and rings of growth. There is an obvious analogy in the 
fundamental construction of plants and crystals, and also of animals (Plates xxv., xxvi., and xxviii.). They all grow 
outwards from centres. These fundamental similarities bespeak design, law, and order. 

Plants are constructed to grow in the air, or in the water, or partly the one and partly the other. Some of them 
are inclined to burrow more in the ground than others. Whatever their mode of life they are all specially adapted. 
There is no example of a plant performing a function not intended, and for which there is not structural warrant. 
The climbing plants and the sensitive and insectivorous plants are specially designed and endowed, and discharge 
their particular functions as apart from so-called irritability, external stimulation, and environment. As living 
things they are superior to their surroundings ; they are, in every instance, masters of the situation. 

The plant may vary its structure slightly for a short period and revert to its original ; the individual never 

1 Roots when exposed to the air and light occasionally develop leaves, and growing brandies imbedded in the soil, at times, produce roots. 
These, however, are abnormal conditions, and do not materially affect the general statement, which holds good when the circumstances are natural. 
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really altering its constitution or finally departing from its primal type. In everything the plant does, traces of 
intelligence and a First Cause may be detected. It is free in one sense, it is not free in another ; the controlling, 
governing power is always behind it. It has been said that plants wander indefinitely from their originals if only 
sufficient time (thousands or millions of years) be allowed. There is no proof whatever of this statement, and the 
extraordinary persistence of certain species of plants gives a distinct denial to it. It is also said that plants anti- 
cipate their own wants and make their own arrangements as apart from a First Cause. This is assigning to the 
plant a power not possessed by any living thing. Not even in the highest animals (and we have proof of this in 
our own persons) can structural wants be satisfied and structural changes induced at will. A man may not add 
a cubit to his stature. Still less can he cause a hair to grow, or to cease growing, in a particular spot. He has no 
control over his so-called vegetative functions any more than the plant. All the organs in plants and animals are 
original endowments : they are created, transmitted products, and neither plant nor animal can, of its own accord, 
alter its constitution or form to any appreciable extent. As a matter of fact, plants and animals are under 
supervision, and all their wants, present and prospective, provided for. 

Plants develop and grow in certain directions, not as automata, but as individuals and living entities, under 
guidance and under law and order. The plant is never wholly at the mercy of environment or external stimula- 
tion. It is actuated by inherent vital force, and capable (under guidance) of inaugurating independent action. It 
does not normally act under the influence of irritability as an efficient cause. The movements of climbing plants 
show this conclusively. It has been generally assumed that climbing plants, whether they climb by rootlets, suckers, 
hooks, bends, or spirals, must be touched by something before the climbing apparatus can be developed and set 
in motion. On the contrary the climbing apparatus is developed first. That the tendency and power to climb 
inheres in the plant, and not in anything outside of it, is shown in the circummutatory movements of certain 
plants where the stem is spirally twisted and the free or apicial end of the stem makes wide movements of rotation 
in the air in search of something round which to twine. The twining apparatus is complete before the support is 
encountered. The latter, therefore, cannot be the cause of the twining and rotatory movements. These are, of 
necessity, inherent and spontaneous. 

In the case of the passion flower (Passiflora alata), the vegetable marrow (Cucurbita Pepo)> the melon (Cucumis 
Melo) y &c, the tendrils make elaborate preparations for seizing objects, but these preparations are carried through 
with or without supports. Thus in the passion flower, the tendrils first appear as long, limp, sensitive shoots, quite 
straight or with a terminal curve. As the tendril grows older its free end becomes spiral either in the air or in con- 
nection with something it touches. It not unfrequently curves and twists spirally first in one direction and then in 
another and opposite direction. This it does in the air as apart from contact and stimulation, as well as when it 
comes in contact with a support. The spiral and the reversing spiral movements are inherent, and in no sense due 
to irritability and supposed external stimulation afforded by supports. 

Similar remarks are to be made of the tendrils of the vegetable marrow (Cucurbita Pepo). In this case the 
spiral arrangements are more elaborate. The spirals of the tendrils first appear as small, close, flat spires. These 
gradually unwind and straighten till they resemble those of the passion flower, which, as explained, first appear as 
long, tapering, limp, sensitive processes, either straight or slightly curled at the free extremity. In this condition 
they feel about in the air for something to lay hold of. If they succeed they twine round it and form single or 
double spirals. These single and double spirals are, however, formed in the air when nothing is touched, so that 
they are to be regarded as independent formations whose primary object is support. The marvellous thing is 
that the elaborate spiral mechanism is developed in advance and in anticipation of finding a support. The plant 
is guided to produce a structure and perform a function calculated to contribute to its well-being. The plant could 
have no knowledge of the necessity for a support, and the structure and function are equally examples of design and 
means to ends. 

The sensitive and insectivorous plants also display design of a high order. These are dealt with in other parts 
of the work. 

One of the most remarkable features in plants is their mode of fertilisation. In a very large number of cases 
they are hermaphrodite ; the male and female elements being found on the same plant. Under these circumstances 
contiguity of position and the interposition of air currents, as a rule, secure the necessary contact, blending, and 
mutual interpenetration of the sexual elements. In other cases, the male and female elements occur on different 
plants separated occasionally by considerable distances. Under these circumstances a medium, or go-between, 
becomes indispensable. The air in motion may perform the office of medium ; more frequently this important and 
delicate task is entrusted to the movements of insects and animals of various kinds. In order to attract the insects 
and animals in question, plants display the most extraordinary lures in the way of colour, form, perfume, nectar, Ac. 
These lures are the immediate outcome of design, and cannot be referred to natural selection or modifications 
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occasioned by prospective requirements. The plant could not foresee the necessity for producing brilliant colours 
and storing sweet-smelling nectar to attract insects to assist in its fertilisation. The chain of events is too compli- 
cated and too far-reaching. The only explanation that can be given is that the arrangements are the work of an 
intelligent First Cause, Who sees the end from the beginning. It is a mere misuse of language to say that the insect 
is endowed with instinct, and that instinct and natural selection can account for everything. As a matter of fact 
they account for nothing. Instinct and natural selection are non-existent in the sense here indicated. They are 
mere phrases, and a cloak for ignorance. 

Granted that instinct and natural selection exist, who, it may be asked, conferred the instinct, and the power to 
select ? Instinct is at once a most unscientific and objectionable term, and should never be employed ; but if 
employed it should be distinctly understood that it is, in every instance, directly or indirectly, the outcome of intel- 
ligence ; intelligence either in the thing exhibiting it, or in its ancestors, or in the Creator Who made them. 
Instinct, used in a loose or inexact sense, confuses all the issues of life both in the plant and the animal. 

Perhaps no better examples of the Creator's continued presence in His work can be supplied than are afforded 
by the fertilisation of plants, and the organs and accessories used in this important function. These organs and 
accessories include the preparation of the male and female elements on the same or on different plants ; the direction 
and control of air currents ; the employment and guidance of insects and other animals as media for carrying and 
mixing the generative ingredients, <fec. There is a long sequence and chain of events, and the chain includes 
inorganic and organic processes, some of them of a most complicated character. Nothing short of the very highest 
wisdom and power such as that possessed by the Creator can supply an adequate explanation. The harmonious 
working of so many diverse substances, organic and inorganic, necessitates a knowledge not possessed by any plant 
or any animal. There is no warrant for asserting that cross-fertilisation, in a state of nature, is due either to instinct 
or natural selection, or both combined. 

How, it may be asked, will instinct or natural selection explain the floating apparatus of the utricularia, the 
movements and habits of Silene nutans (Nottingham catchfly), or of Marcgravia nepenthoides (a tropical orchid) in 
their relation to cross-fertilisation ? 

In the Utricularia an intimate knowledge of hydrostatic and mechanical science is displayed not only in theory 
but in practice, as the following account by Mr. Brown conclusively proves : 1 " Small asddia or sacs are connected 
with the leaves which, about the time of flowering, are filled with air, and buoy the plant to the surface. The 
opening of each sac is surrounded by forked hairs composed of four cells, and is closed by a transverse cellular 
membrane, like the valve of a pump, capable of opening from without inwards, and which resists when it is pressed 
from within outwards. The physiological action of these ascidia is full of interest. At first they are filled with a 
somewhat gelatinous liquid, which by its weight assists in retaining the plant at the bottom of the water. Very 
soon the branching hairs already described, which project into the interior, secrete a gas, which accumulates as 
the gelatinous substance diminishes. By-and-by, when the vessels are full, the plant gets light and buoyant, and, 
disengaging its roots from the soil, rises to the surface of the water and flowers. The flowering over, and the fruit 
mature, the air disappears from the ascidia, the valve allows the water to enter, and again the plant sinks to the 
bottom, to remain there until spring stimulates its ascidia again into activity." 

The adaptation of means to ends displayed by the Utricularia is profoundly impressive. The machinery em- 
ployed is at once elaborate and complicated, and the plant, or that which directs the operations of the plant, exhibits 
an acquaintance with natural laws which is truly astounding. It roots and uproots itself at precisely the right 
moments ; it fills its ascidia with a gelatinous fluid when the plant is to be weighted and sunk, and with gas when 
it is to be floated and raised to the surface. When the flowering and fruiting which take place at the surface of 
the water are over, the valves of the ascidia are opened and water admitted, which sinks the plant and prepares it 
for its winter sojourn at the bottom. 

To take another example, observed by Sir John Lubbock in Silene nutans in connection with the visits of moths 
and fertilisation : " The upper part of its flowering stem is viscid, from which it has derived its local name, the 
Nottingham catchfly. This prevents the access of ants and other small creeping insects. Each flower lasts three 
days, or rather three nights. The stamens are ten in number, arranged in two sets, the one set standing in front 
of the sepals, the other in front of the petals. Like other night flowers, it is white, and open towards evening, when 
it also becomes extremely fragrant. The first evening, towards dusk, the stamens in front of the sepals grow very 
rapidly for about two hours, so that they emerge from the flower ; the pollen ripens and is exposed by the bursting 
of the anthers ; so the flower remains through the night, very attractive to, and much visited by, moths. Towards 
three in the morning the scent ceases, the anthers begin to shrivel up and drop off, the filaments turn themselves 
outwards so as to be out of the way, while the petals, on the contrary, begin to roll themselves up, so that by day- 

1 Brown's "Manual of Botany," |>. 158. 
VOL. 1. V 3 A 
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light they close the aperture of the flower, and present only their brownish-green outsides to view, which, moreover, 
are thrown into numerous wrinkles. Thus, by the morning's light the flower has all the appearance of being faded. 
It has no smell, and the honey is covered over by the petals. So it remains all day. Towards evening, however, 
everything is changed. The petals unfold themselves, by eight o'clock the flower is as fragrant as before, the 
second set of stamens have rapidly grown, their anthers are open, and the pollen again exposed. By morning the 
plant is again asleep, the anthers are shrivelled, the scent has ceased, and the petals roll up as before. The third 
evening again the same process, but this time it is the pistil which grows, and the long spiral stigma on the third 
evening takes the position which on the previous two has been occupied by the anthers, and can hardly fail to be 
dusted by the moths with pollen brought from another flower." 

The Nottingham catchfly is remarkable for its nocturnal habits and its delicate adjustments to ensure fertilisa- 
tion. It produces honey and scent and a fair exterior as lures to certain moths ; the upper part of its flowering 
stem is viscid to prevent the approach of ants and creeping insects ; the different parts of the flower mature at 
various and suitable periods ; it is a centre of attraction during the night, but closes up and shrivels during the day ; 
it wakes during the night and sleeps during the day, and comports itself generally as an intelligent agent. It is 
not possible to conceive of the Nottingham catchfly as the product of natural selection and variation, however 
gradual and however long continued. The plant in every direction is a crowning example of design. The plant 
not only develops its several parts to meet certain requirements at certain times, but it adapts itself to the visits 
of certain moths at night, and excludes other insects whose visits are not desirable. 

Dr. Criiger furnishes a highly illustrative example of the mode of fertilisation of a tropical orchid — one of the 
Coryanthes. " He found that the labellum or under lip of this orchid is hollowed into a great bucket, in which drops 
of almost pure water continually fall from two secreting horns which stand above it, and when the bucket is half 
full the water overflows by a spout on one side. The bare part of the labellum stands in the bucket, and is itself 
hollowed out into a sort of chamber with two lateral entrances ; within this chamber are curious fleshy ridges. The 
most ingenious man, if he had not witnessed what takes place, could never have imagined what purpose all these 
parts serve. But Dr. Criiger saw crowds of large humble-bees visiting the gigantic flowers of this orchid, not in 
order to suck nectar, but to gnaw off the ridges within the chamber above the bucket. In doing this they fre- 
quently pushed each other into the bucket, and, their wings being thus wetted, they could not fly away, but were 
compelled to crawl through the passage formed by the spout or overflow. Dr. Criiger saw a continual procession 
of bees thus crawling out of their involuntary bath. The passage is narrow, and is roofed in by the column ; so 
that a bee, in forcing its way out, first rubs its back against the viscid stigma, then against the viscid glands of the 
pollen-masses. The pollen-masses are thus glued to the back of the bees which first happen to crawl out through 
the passage of a lately expanded flower, and are thus carried away. When the bee, thus provided, flies to another 
flower, or to the same flower a second time, and is pushed by his comrades into the bucket and then crawls out by 
the passage, the pollen-masses necessarily come first in contact with the viscid stigma and adhere to it, and so the 
flower is fertilised." 

Mr. Belt in his " Naturalist of Nicaragua " shows how the bird may be made to do duty in fertilisation. " A 
climbing plant (Marcgravia nepenthoides) expands its flowers in a circle, and these hang down like inverted candelabra. 
From the centre of the floral circle and underneath the flowers there is suspended a number of pitchers, which are 
full of nectar when the flowers are ripe. The honey attracts insects and the latter attract birds, especially humming- 
birds. Before the latter can get at the honey-bearing pitchers, their backs must brush the open flowers out of which 
the pollen is ready to be shed, and in this manner they convey it from plant to plant and cross the flowers." 

In the examples cited of cross-fertilisation, such an amount of ingenuity and adaptation of means to ends is 
displayed as to leave no reasonable doubt in the mind of any reflective person that intelligence is to be traced either 
to the plant or to the Creator of the plant. The situation is enhanced when the visits of the moths and birds are 
taken into account. These visits show clearly enough that the actions of both plants and animals are controlled, 
and that the Creator maintains His hold upon plants and animals in their various and mutual relations. 

Mr. Baildon states the case very fairly in the following words : " The more one reflects upon the phenomena of 
life, especially of vegetable life, the more is one convinced that they can only be caused and directed either by a 
consciousness existing in the organism itself and controlling its conduct, or some pervasive consciousness without 
the organism which ordains for it its actions, either of which hypotheses seems to imply some pre-existing intelli- 
gence ; for Nature must be a power even more miraculous than we esteem her, if she be either herself wise without 
thought and prudent without knowledge, or capable of endowing her productions with a consciousness, wisdom, 
and foresight of which she herself is innocent." * 

Various other examples of design in plants might be given, but sufficient have been quoted for my present purpose. 

1 "The Spirit of Nature," by Henry Bellyae Baildon, B.A. (Cantab.). London, 1880, pp. 161 ? 162. 
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S 71. Design as Manifested in the Reproduction and Growth of Animals. 

Strong arguments for design are furnished by a consideration of the important subjects of reproduction and 
growth in animals. These require separate and detailed treatment. The peculiarity of reproduction consists in 
its spontaneous and independent nature ; the changes which occur during the process being self-inaugurated and 
resulting in prospective structures and functions necessary to the adult individual. The self-induced changes and 
transformations are means to ends, but the causes and the effects are beyond the ken of the parents, and must be 
referred to the intelligent action of a First Cause. The most simple and complicated changes are equally under 
guidance, and chains of events, sometimes highly intricate and involved, occur in unvarying sequence, and in such a 
manner as can only be explained by design. This is very evident in the reproduction of the more highly differentiated 
animals. In mammals, for example (and what is true of them is relatively true of other living things), the heart 
which is to propel the blood is formed before blood is admitted into it ; the stomach and alimentary canal are 
formed before food is eaten ; the lungs and chest are formed before air is breathed ; and the bones and muscles 
are formed before walking is attempted. 

Structure precedes function ; but the structures and functions are not determined by the substances with 
which they have to deal, or on which they are to act : the blood is not the prime mover of the heart ; the food does 
not set up the vermicular movements of the intestine ; the atmosphere does not occasion the rhythmic movements 
of the chest ; the ground does not produce the movements of walking, the water of swimming, or the air of flying. 

In living things (plants and animals alike), the structures and organs, be they simple or complex, are formed 
for a purpose, and they are formed independently, and in anticipation, so to speak, of their life work. The roots 
and leaves of the plant are pushed out, aggressively as it were, to obtain nutritious saps ; and the feeding appliances 
of animals are advanced voluntarily to seize, incorporate, and assimilate food. 

Plants and animals, and everything outside of them, are related as subject and object ; the subject being pro- 
duced from, but not by, the object. The subject, as a rule, is superior to and dominates the object. The subject 
as here employed is aggressive and active ; the object being quiescent and passive. The subject must have some- 
thing outside of itself to work upon ; that something being the object. The subject would have no raison d'etre 
as apart from its natural or appropriate object. The subject and object are complemental ; the one being made 
for and adapted to the other. The subject consists of living matter, as seen more especially in animals, where there 
is usually a slight admixture of sensation, perception, or consciousness. The object, on the other hand, is composed 
of dead matter such as we behold in the physical universe, where no traces of sensation, perception, or any attribute 
of mind can be detected. 

The subject acts, the object is acted upon. There is a tendency in the present day to reverse this natural order 
of things, and to refer all the activities of plants and animals to mechanical arrangements as apart from life, and 
as apart from a First Cause, and design. The mechanical school regards living things as mere automata, and attri- 
butes all structure and all function to the play of natural forces and blind chance operating on brut matter. They 
claim law and order for the universe, while they practically exclude and deny the First Cause ; that is, the directive 
agency on which everything depends. 

Nothing, perhaps, in the wide range of the organic kingdom can convey a more elevated conception of the powers 
and possibilities of life than the several processes concerned in reproduction. Here there can be no question of innate 
ability on the part of every living thing to work out its own destiny as apart from every form of environment, 
irritation, and outside stimulation. Reproduction is essentially the act of life. It is not dependent on any form of 
external aid or excitation. Given healthy plants and animals and the necessary conditions of normal life, repro- 
duction follows in the natural order of things and of necessity. Whatever may be said of other functions, the 
function of reproduction is assuredly fundamental and traceable to powers inseparable from the living organism, 
whether that be simple or complex. It could scarcely be otherwise. If reproduction, which is the most important 
function of life, were in any way dependent on fortuitous circumstances, there would, in many cases, be a consider- 
able danger of the extinction of dominant races. 

In certain plants the organs of generation occur in different individuals, and in these instances winds, insects, 
&c., take an indirect part in the reproductive process. It must, however, be noted that, even in these cases, the 
extraneous aids do not act as stimuli, but only as media of communication. Moreover, the winds, insects, and other 
aids to reproduction are all under control, and themselves afford evidences of design. The stimulation in every 
instance comes from the union of the male and female elements. The union in the majority of cases is followed by 
fertilisation, which is a vital act. It is important to be clear on this fundamental point. Plants and animals have 
in themselves the wherewithal to initiate and accomplish the reproductive process quite apart from all kinds of 
outside interference. The reproductive acts begin and terminate in living organisms, and these acts are spontaneous 
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and independent in their nature. If, however, plants and animals can unaided reproduce themselves in virtue of 
inherent vital powers, and discharge the highest functions incidental to life, it follows that they may be credited 
with the power to discharge the minor functions, among which may be included the process of feeding, growing, 
secreting, excreting, moving, resting, &c. In other words, if plants and animals can in the absence of foreign matter, 
irritation, and external stimulation perform the major and higher functions of life they may be trusted to perform 
the minor and lower functions. 

Reproduction is, in all cases, essentially an atomic, molecular, vital process. It is in the atoms and molecules, 
or the cells formed by them, that the future being, whether plant or animal, finds its origin and source. 

In the higher animals, where there are male and female elements and separate sexual organs, the elements are 
usually contained in cells. Thus in mammals the ovum and spermatozoon are both cellular in character. In the 
several orders of plants, reproduction is, for the most part, effected by spores, germs, and seeds which are atomic, 
molecular, or cellular in character, according to circumstances. It is, however, often effected artificially by detaching 
and planting or grafting parts of the originals (stems, branches, leaves, Sec.) in suitable localities. Plants may also 
reproduce themselves by means of roots, runners, bulbs, &c. 

It is in reproduction that heredity makes its most indelible impression. Impregnation and fecundation furnish 
examples of the subtlest and most permanent combinations of living matter. As we cannot see by the highest 
powers of the microscope the atoms, and the molecules formed by them, or analyse by the aid of any known process 
in chemistry those practically invisible and intangible entities, we are forced to accept results, which while they 
cannot be actually demonstrated, are, nevertheless, clear as inferences, deductions, and matters of reason. If from 
the coalescence of known molecular male and female elements plants and animals always and invariably identical 
are produced, it follows that in the male and female elements themselves reside or inhere the potentialities necessary 
to the production of the plants and animals in question. In other words, if the male and female molecular elements 
positively refuse to form plants and animals essentially differing from those of which they themselves are component 
and important parts, then it goes without saying that plants and animals, in every instance, only reproduce 
themselves. 

A fig tree cannot be obtained from a thorn ; a mammal from a reptile ; or a bird from a fish. 

From two wholly dissimilar male and female molecular elements such as those obtained from the several orders 
of plants and animals no living thing can be produced. Indeed the limits within which fructification and repro- 
duction are possible are exceedingly narrow. A mule and a hinny can be produced by cross breeding as between 
the horse and the ass, but the mule and hinny are invariably barren. 

The reproductive act has features in common in all classes of plants and animals. It is, however, simplest and 
most easily studied in the lowest forms. Here the new individual is sometimes produced by division and some- 
times by budding. What is virtually a protoplasmic mass simply splits into two or throws out a process or bud, 
which in due time becomes detached from the parent, and discharges on its own account all the functions originally 
discharged by the parent. 

In these cases only one individual and one sexual substance is required for the reproductive process. In other 
cases one male and one female element are contained in one and the same individual. This is the rule in herma- 
phrodite plants and animals. In the higher and highest plants and animals, the male and female elements are 
found in separate individuals. In bisexual plants and animals the male and female elements must be brought into 
contact either directly or indirectly, and must commingle and interpenetrate before fertilisation and reproduction 
can take place. Reproduction is undoubtedly an evidence of design and of life. Only living things can reproduce 
themselves. A crystal forms or may be formed under certain conditions, but it cannot reproduce itself after the 
manner of a plant or animal. 

It may be convenient at this stage to refer briefly to the several kinds of reproduction. The protamceba of 
Professor Haeckel, one of the simplest of living forms, consists, according to him, of a minute albuminous mass. He 
does not explain whence came the mass or why it divides. On attaining maturity it splits into two, and in due 
time each half becomes as perfect as the original whole. This is the simplest possible form of reproduction. It is 
bisection or multiplication by division. This fundamental form of reproduction in certain cases repeats itself ; the 
two original halves being divided into four, the four into eight, and so on ; the parent, as it were, resolving itself into 
a swarm. This primary form of division is also seen in the cleavage of the impregnated human ovum. Multipli- 
cation by division is a vital act, and provision is made for it in the original individual. It is in no sense the result 
of irritation or of external stimulation. 

Reproduction by budding is slightly more complex. This is seen to advantage in cell multiplication in plants 
and animals. In the budding process the parent sets apart and prepares a certain portion of its substance for a 
separate existence. In due course the separation takes place, and in such a manner that the parent is in no wise 
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injured, although it has contributed a quota of its own living matter to the offspring ; that offspring having in 
turn the power of reproducing itself by germination. Reproduction by budding is well seen in colonies of corals. 
Like reproduction by division, it is a vital process. 

In addition to the foregoing there is reproduction by alternate generations, that is, where two generations are 
required to form an individual. The medusa known as Cladonema radiatum affords an example. This animal 
is the offspring of the Stauridium or cross-polype of Dujardin. The Stauridium grows upon a stalk like a polype, 
and produces rounded gemmules, which gradually assume the appearance and structure of medusae. In due course 
they become detached and float away as medusae. The medusae reproduce themselves sexually, but from the eggs 
of the medusae only stauridia can be developed. There is thus an intermediate stage in the reproduction of medusae. 
Here again reproduction is unquestionably a vital act. It begins and terminates in living matter which is not 
goaded into activity by externalities. 

A somewhat similar arrangement obtains in the larvae of certain dipterous insects (Cecidomyia, Miastor), where 
maggots produce maggots, and where the first race of maggots is devoured by the second race, which is the only 
one to survive, and from which the insects referred to are ultimately produced. 

In the case of butterflies there is first the egg, then the grub or caterpillar, then the chrysalis, and finally the 
completed insect. Von Siebold has shown that hibernating fertilised female wasps lay eggs in the spring from 
which females mainly, with occasional males, are produced. The spring colony of female wasps in turn lays eggs from 
which males are developed. 

In the case of the tapeworm (Tcenia solium) there are not only alternate generations but two distinct sexual 
organs and elements in each segment of the mature individual. If the fecundated eggs of the tapeworm be eaten 
by an animal, say the pig, young tapeworms are developed in the flesh of the pig in the form of cysts, and constitute 
the so-called measly pork. This is the first stage in the development of the tapeworm. In the first stage the tape- 
worm consists of a bladder-like cyst (scolex) with the head of the futuje tapeworm plus four curved hooklets 
inverted or concealed in the body of the cyst. If the measly pork be eaten by man, or other animal, the cysts con- 
tained in it in due time develop into tapeworms in the alimentary canal. This they can readily do, and in the 
following way. The cysts are introduced into the alimentary canal with the food. Once there the cysts or future 
tapeworms evert and free their heads armed with the four curved hooklets referred to. By means of the hooklets 
they fix and anchor themselves in the mucous lining of the alimentary canal, from the contents of which they derive 
nourishment by absorption. They grow apace in flat, elongated, quadrilateral segments (proglottides), very small and 
slender in the vicinity of the head, but gradually increasing in size as this is receded from. The segments ultimately 
measure an inch or more in length and fully a quarter of an inch in breadth ; each mature segment containing 
male and female organs (plus male and female elements), and constituting a separate individual. The adult 
segments are crowded with impregnated eggs, and when voided by the anus are in a condition to be carried into any 
animal which is unfortunate enough to give them a lodging and act as a host. This is the second and final stage 
of development. Two separate animals or hosts are required for the reproduction and continuance of the tape- 
worm ; but it will be observed that in both the first and second stages of reproduction the reproductive acts are 
spontaneous, vital, and in no way due to irritation or extraneous stimulation. The impregnated eggs become 
encysted worms in the first host and tapeworms in the second host. The tapeworms take advantage of the two 
sets of conditions supplied by the two hosts, and profit by both. 

In plants and animals where the male and female organs of generation and elements are situated in different 
individuals, something of the nature of coitus or mutual contact is indispensable. The contact in the case of plants 
is brought about by winds, insects, and other means. Reproduction by coitus, or its equivalent, can be readily 
studied in the fish. If spawning salmon be watched it will be seen that after much serious fighting on the part of 
the males for possession of the females, a male and female salmon pair. They proceed to a convenient spot in 
the bed of the river, preferably where sand and gravel occur, and scoop out an elongated trough in which the female 
fish places herself and deposits her spawn. The male fish in turn occupies the trough and deposits his milt over the 
spawn. In some cases the female turns on her side and the male rushes at her and discharges his milt in passing. 
The male and female elements commingle, the spawn is fertilised, and the reproductive act completed. It only 
remains for the parent fish to cover up the fertilised spawn with sand and gravel to protect it from other fish, 
birds, &c. In a short time the young salmon are hatched out, and what is most curious, each young fish is provided 
with a bag of pabulum, from which it obtains nourishment until it can develop a mouth, an alimentary canal, and 
a vent, when it is in a condition to obtain food from without. The history of reproduction in the fish shows clearly 
that the entire reproductive act is vital in its nature, and not only vital but voluntary. In some cases, as in the 
viviparous fishes (shark, skate, blenny, &c.), the young are produced alive. Here certainly there is no room for 
irritation or extraneous stimulation. 
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In the amphibia, of which the frog (Rana temjxtraria) is a good example, the conjugation or confluence of the 
sexes is more intimate. In this case the male frog takes his place on the back of the female, and while she is 
depositing her spawn he sheds his milt over it. The spawn thus fertilised, aided by heat and moisture, soon 
develops into tadpoles, which swim about like fishes and are water-breathers. The tadpoles in due course shed 
their tails and gills or branchiae, and develop four legs and lungs and become air-breathers. The reproduction of 
the frog is vital in all its stages. It is in no way dependent for its initiation and accomplishment on external condi- 
tions or environment, although these latter aid in the process. The developing frog gradually but surely produces 
organs which enable it to leave the water and assume a terrestrial existence : the water does not form the branchiae 
and swimming tail, neither does the earth form the four legs. All those wonderful transformations, which adapt 
the animal first for an existence in the water and subsequently for an existence on the land, are spontaneous, vital, 
and independent. The frog in its various stages of development is superior to its surroundings and environment. 
All the really important transformations are from within and vital, and are in no sense due to irritability of 
constitution or external stimulation. 

In the reptiles coitus takes place, the females producing eggs which they either hatch out themselves or bury 
in the sand to be hatched out by the heat of the sun. 

Similar remarks are to be made of birds. In this case the eggs are hatched out by the mother or artificially 
by incubators ; the hatching being a mechanical process. The impregnation of the eggs, which is a vital act, takes 
place at an early stage of their development. The impregnation is in no sense due to irritability and extraneous 
stimulation. It suffices if the living male and female elements are simply mixed as apart from coitus. The forma- 
tion and transmission of the eggs down the oviduct are representative vital acts, and furnish the most remarkable 
illustrations of the powers of life and vital movements known. There is no irritability and no extraneous stimula- 
tion anywhere. The egg is formed by vital processes, and the oviduct transmits it from the ovary to the cloaca 
by vital acts. The oviduct also supplies the egg, during transmission, with its various membranes and coverings, 
but (and this is the remarkable feature) the developing egg does not, as is generally believed, act as an irritant, and 
produce its transmission along the oviduct or its expulsion from the cloaca. 

The oviduct is expressly formed to receive, contain, and transmit the egg by a series of peristaltic movements 
in all respects resembling those of the oesophagus, stomach, intestine, bladder, uterus, heart, and chest. The peri- 
staltic movements are inherent and fundamental, and are not dependent on irritability or stimulation of any kind. 
The bolus does not cause the peristaltic movements of the oesophagus, the food those of the stomach and intestines, 
the urine those of the bladder, the foetus those of the uterus, the blood those of the heart, the air those of the chest, 
or the egg those of the oviduct. 

If they did cause the movements in question, the structures referred to could not possibly act as receiving and 
containing structures. The fact that they are receiving and containing, as well as transmitting and expelling struc- 
tures, shows plainly enough that the peristaltic or rhythmic movements must begin and terminate in the structures 
themselves. Structures endowed with peristaltic movements have, as a rule, a fundamental and very important 
vital function to perform. They are necessary to the continuation of life, and occupy a unique position, in so far 
that they are not subject to extraneous control, or even the control of the will. 

The peristaltic structures are to be regarded as special creations devised for the express purpose of carrying 
on life, and the most important details of life, in its several departments. They invest life with a superior dignity, 
and make it very little dependent on environment and mere externalities. They make living things superior to 
dead things. The plant and the animal are on a higher platform than their surroundings ; they are living, active 
factors, and control the inanimate matter which surrounds them. They select and appropriate certain portions of 
it, and cause it to circulate within their bodies. They reject other portions, and eject at intervals the detritus of that 
originally selected. 

In mammals the reproductive process is in some respects the most complicated. Indeed it is held by some 
to represent in its several phases all the other forms of reproduction referred to above ; the developing mammal, 
according to them, being in succession a fish, an amphibian, and a reptile, or at all events exhibiting peculiari- 
ties which associate it with the several orders of animals named. Thus it has gills or branchial arches and blood- 
vessels like a fish and amphibian, and a mixed circulation like a reptile. 

The male and female organs and elements in mammals are situated in different individuals, and conjunction or 
coitus in the ordinary sense is the rule. In certain abnormal conditions coitus has been dispensed with, the semen of 
the male being simply injected into the vagina of the female. The essential act of reproduction in the mammal, as 
in all other cases, consists in the union and interpenetration of the male and female elements. In the human species 
it is now known that the spermatozoon or male element actually plants or buries itself in the ovum or female element, 
and that unless this intimate union and commingling takes place neither impregnation nor conception occurs. 
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The production of the male and female elements in the mammal is an elaborate process, and begins at an early 
age, even prior to puberty. The testes of the male and the ovaries of the female supply the spermatozoa and ova 
respectively. The spermatozoa or male elements, when puberty is attained, are always available ; the ova or female 
element being only available monthly or after each menstrual period. The spermatozoa are furnished in incredible 
numbers, the ova in small numbers, generally one or two, but sometimes three, four, or more. The number of the 
offspring corresponds with the number of impregnated ova which occupy the uterus. Single births are most 
common, but twins and triplets are by no means rare. 

The manner in which the ova are produced and find their way into the uterus is at once interesting and 
instructive. 

The ovaries, two in number, are situated near the fundus of the uterus, of which they may be said to form 
appendages, although they are altogether distinct from it. They exist in the female child, and as puberty approaches 
the ova which they contain begin to ripen. When puberty is attained the ripe ova — one, two, or more — are dis- 
charged monthly from the surfaces of the ovaries and caught by the funnel-shaped, fimbriated extremities of the 
Fallopian tubes in a very special and remarkable way, and conveyed by them to the interior of the uterus. The 
Fallopian tubes with their fimbriated extremities are not structurally attached to the ovaries, but by a series of vital 
and most extraordinary movements they sweep over the surface of the ovaries so effectually that they almost 
invariably succeed in catching the ripe ova on their being discharged. By some refined and totally inexplicable 
affinity they feel about for the ripe ova, and, having located them, temporarily attach themselves to the portion 
of the ovaries about to erupt or discharge. The movements of the Fallopian tubes are essentially vital in character. 
They are spontaneous and independent, and are not caused by any inherent irritability or extraneous stimulation. 
The Fallopian tubes are special fundamental structures, and perform a most important function in the reproduction 
of mammals. If they fail to catch and convey the ovum or ova to the uterus, extra-uterine gestation, that is, gesta- 
tion in the Fallopian tubes, or abdominal cavity, occurs, which sooner or later endangers the life of the mother, and 
necessitates the performance of the Caesarian operation or section. 

Gestation and development usually occur in the uterus, but, as indicated, they may occur in the Fallopian tubes, 
or even on the surface of the ovaries, giving rise to Fallopian tube or extra-uterine pregnancy — both requiring 
operation. Seeing the impregnated ovum or ova can live, and develop outside the uterus, and on what are practi- 
cally living, serous surfaces which merely furnish heat and moisture, it follows that quickened ova are to be regarded 
as parasites, that is, living things growing upon living things, as happens in mistletoe growing upon apple or other 
trees. I first directed attention to the parasitic nature of the developing human ova in 1872, 1 and more extended 
observation and experiment confirm me in this view. The view, I am glad to be able to state, has found general 
acceptance. 

The impregnated human ovum contains in its substance the pabulum required to nourish it until it has found 
a suitable niche in the mucous lining of the uterus. Once there it adheres by simple apposition. At the outset, 
and until the shaggy chorion is formed, it is fed by osmotic currents consisting mainly of liquor sanguinis exuded 
from the blood-vessels of the mother. When the shaggy chorion is formed, the ovum throws out thread-like pro- 
cesses (villi) which increase the osmotic surface. Later, the ovum develops blood-vessels and capillaries ; the latter 
interdigitating and passing between similar capillaries found in the mucous lining of the uterus of the mother. In 
this way osmotic exchange is still further increased. The ovum in the later stages of development also obtains 
nourishment from uterine glandular secretions. The interchange of fluids and gases between the foetus and the 
mother is carried on by the placenta, which is composed of a foetal and a material portion ; the two portions very 
closely resembling each other structurally. 

The maternal portion of the placenta consists of the thickened mucous lining of the uterus, of glands, lymphatics, 
nerves, capillary, and other blood-vessels. It at once forms a stomach and a lung for the foetus, as it provides the 
serum of aerated blood and nutritive gland products. The foetal portion of the placenta consists, for the most part, 
of connective tissue and of capillary and other blood-vessels. The maternal and foetal portions of the placenta are 
bounded by epithelium, and as they are merely placed in apposition with fluids and gases on either side the 
epithelium, a free interchange of nutritive and waste products, fluid and gaseous, takes place as between the parent 
and offspring. As the foetus is only temporarily grafted on the parent by a loose uterine arrangement, it follows 
that at the full term the foetus is expelled by rhythmic uterine contractions which induce the so-called labour-pains. 
When the child is born the foetal portion of the placenta known as the after-birth is separated from the maternal 
portion by uterine contractions, and by a vital process resembling that by which the leaf is separated from the 
branch in autumn. 

In healthy natural labours there is next to no laceration of blood-vessels, either maternal or foetal, and conse- 

1 "Physiology of tin* Circulation in Plants, in the Lower Animals, and in Man." Etiinhurgh AMical Journal, 1872-73. 
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quently little or no haemorrhage. The union of offspring and parent, although, in one sense, of the most intimate 
possible description, is, in another sense, a loose union ; that is, a union of simple apposition, temporary in char- 
acter, and dissoluble during any period of gestation. Unless, however, the foetus be permitted to ripen during nine 
calendar months, and the natural period of dehiscence as between the maternal and foetal portions of the placenta 
be allowed to supervene, there is apt to be flooding from the rupture of uterine blood-vessels. 

During the period of gestation, particularly in the later months, the mammae increase in size, and produce a 
rich nutritive fluid (milk), which forms the first and all-sufficient food of the infant. 

All the stages through which the impregnated human ovum passes are vital. The impregnated ovum at the 
outset consists of two separate, living elements. They coalesce and unite to form one living being, having in it the 
peculiarities and potentialities, physical and mental, of both parents. The impregnated ovum, the foetus, and the 
future infant owe their existence to a series of vital changes which are spontaneous and fundamental in character. 
Similar remarks are to be made of the enlargement of the mammae and the production of milk in anticipation of 
the birth of the progeny. These changes are in no way caused by irritability of the substances in which they 
occur, neither are they due to any form of extraneous stimulation. 

In considering the subject of reproduction in the mammal the male and female elements are to be considered 
together. They each take part in the process and are equally important. The male element (sperm-cell or sperma- 
tozoon) is the product of the testes, and the female element (germ-cell or ovum) that of the ovaries. 

Both the male and female elements are cellular in character ; the ovum being a nucleated cell. The ovum 
when discharged from the Graafian follicle of the ovary is very tiny, and just visible to the naked eye. It appears 
as a clear speck, and measures y^th of an inch in diameter. 

The changes witnessed in the maturation and fertilisation of the ovum are of the most interesting and instruc- 
tive character, and point to an independent and self-directive power in the male and female elements, as well 
as a conjoint and interdependent power. They also indicate that the male and female elements act directly on the 
protoplasm of the ovum by causing its molecules to aggregate or separate, to converge or diverge, to coalesce or 
divide, to involute or evolute, to protrude or recede, &c. The molecules, when fertilisation is a completed act, are 
apparently under the joint control of the male and female elements. The male and female elements are evidently 
foci of force ; their function consisting in marshalling and arranging the molecules as development proceeds and 
new combinations take place. They exercise a formative power, which reveals itself in straight line, curve, circular, 
spiral, and other formations seen in the growth of plants and animals generally, and in the crystalline and dendritic 
arrangements met with in the physical universe (Plates lxi., lxii., lxiii., and lxiv. ; see also Plates i., ii., iii., and iv.). 
At times the male and female elements, especially the former, exercise what is virtually a magnetic power, whereby 
the molecules are attracted or repelled and arranged in straight lines, curves, ovals, ellipses, spirals, circles, <fec. 
This circumstance points to a much more intimate union as between organic and inorganic matter, and as between 
vital and physical force, than is generally suspected. The vital and physical forces work together, and are practically 
under the same laws. The life leads, but it freely avails itself of the matter and forces of the universe. 

The changes above referred to take place in the male and female elements of all animals, man included. They 
are best seen in the transparent ova of echinoderms and in Ascaris megalocephala, a parasitic thread-worm found in 
the horse, in which the various changes can be followed in one and the same ovum. 

Professor E. v. Beneden gives a most interesting account of the process of fertilisation, and of the division of 
the nucleus in Ascaris (Plate lxxxviii., page 385). He regards the male and female elements and their chromatin 
as distinct, even when in union. Prior to their conjunction the male and female pronuclei each contain two short 
chromatin rods (chromosome*) surrounded by a clear nuclear matrix. The rods in question initiate what is virtually 
a process of weaving and differentiation. Thus they undergo a series of changes which result in skein and looped- 
v-shaped formations ; these being succeeded by new structures which exhibit stellar, radiating arrangements, and 
ovoid and circular arrangements. 

Concurrently with the skein and looped- v-shaped formations two attraction-spheres make their appearance 
between the pronuclei. The attraction -spheres have central spots or poles, around which their molecules are arranged 
in a radiating and concentric manner. The poles of the spheres are connected by a chromatin fibre arranged in 
the form of a spindle. The attraction -spheres, there is reason to believe, are centres of growth, and play an 
important part in the formation of the daughter cells which are the first product of the divided ovum. 

A very considerable degree of differentiation, it will be seen, occurs in the male and female reproductive 
elements (pronuclei) and in the attraction -spheres before the fertilised ovum is ready for segmentation and the pro- 
duction of a new being. The several changes referred to negative the idea that either the male or female elements 
are fundamentally simple, homogeneous structures. On the contrary, they differ from each other before they come 
into contact. They also undergo several important changes during the fertilising process and before the quickened 
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and altered ovum is in a condition to assume the cleavage necessary to the formation of the blastodermic membrane, 
which in the higher vertebrates is the starting-point for the embryo and foetus. The changes which supervene during 
the fertilising process bear a certain analogy to those occurring in the foetus itself (Plate xcii., Fig. 1, E, F, G, H, I, 
page 396), so that the scheme of reproduction is, from the first, involved and complex, and the outcome of pre- 
arrangement and design. 

While the matrices of the two pronuclei appear to blend, their chromatin filaments maintain their identity. 

The chromatin filaments form two sets of looped-v-shaped fibres of two each, and as these ultimately divide 
longitudinally they make two sets of four each. At one stage they flatten and arrange themselves transversely 
across the ovum, and so participate in, if they do not actually cause, the division of the ovum into two. They 
subsequently open out transversely, and then at right angles, and in conjunction with radiating, concentric, ovoid, 
and circular arrangements in the attraction-spheres complete the division of the ovum. 

The several points discussed in connection with the maturation, discharge, and fertilisation of the ovum are 
illustrated at Plate xc, Plate xci., and Plate xcii., Fig. 1, pp. 391, 393, and 396. 

§ 72. Parts Entering into the Composition of the Human Ovum. 

The human ovum in its entirety consists of the following parts : (1) globular zona pellucida, otherwise called 
zona radiata ; (2) globular vitelline membrane ; (3) globular vitellus or yolk, consisting of protoplasm and nutritive 
material ; (4) globular germinal vesicle containing globular germinal spot. 

The same parts are encountered in the rabbit. 

The several parts of the ovum can only be made out by the aid of the microscope. In Plate lxxxvi., page 383, 
A, the ovum is seen under pressure and is more or less flattened. In B, C, the zona pellucida or radiata, 
which has considerable resisting power, is purposely burst ; the protoplasm and nutritive material forming the 
vitellus or yolk (6), and the germinal vesicle (c) having escaped. At D, the radiation in the zona pellucida (now 
known as zona radiata) is indicated (a), as also the vitellus (6), germinal vesicle (c), and germinal spot (d). The radia- 
tion of the zona pellucida is believed to contain pores, which permit the passage of nourishment to the ovum and 
provide entrances to the spermatozoa. The zona pellucida on leaving the Graafian follicle is invested with a clear, 
granular substance resembling the white of egg, which is supposed to contribute to the nourishment of the ovum, and 
disappears when the ovum reaches the Fallopian tube. The protoplasm of the ovum on a casual examination is a 
clear, apparently structureless, substance. On a closer examination, and when re-agents are employed, it is seen 
to consist of a fine reticulum especially observable near the periphery of the ovum and around the germinal vesicle : 
in other words, the protoplasm is differentiated. The other ingredients of the ovum (deutoplasm) contribute to 
its nourishment. 

The germinal spot, which measures ^ to ^ of an inch in diameter, consists of a nuclear membrane 
containing a clear material, with strands of karyoplasm enclosing one or more nucleoli. If only one nucleolus occurs 
it is known as the germinative spot (macula germinativa). A certain amount of differentiation is also traceable 
in the germinal vesicle. The old idea, that protoplasm is identical and structureless, may now be regarded as 
exploded. The amount of nutritive material supplied to the ovum is less in mammals than in fishes, reptiles, and 
birds, and Professor F. M. Balfour conveniently divided ova into those with (a) accumulation of nutritive or 
yolk matter at one pole (tdokcithal ova — fish, reptile, and bird among vertebrates) ; (b) those with the accumula- 
tion of yolk in the middle ovum (centrolecithal ova — in arthropods) ; and (c) those with yolk scattered equally and 
in small amount through the protoplasm of the ovum (alecithal — mammals, amphioxus, echinoderms). This 
distribution of the nutritive material (pro to- and deuto-plasm) determines to a large extent the nature of the 
segmentation in the several ova. 

The development of the ovum after it leaves the ovary is at once intrinsic and extrinsic : intrinsic as regards 
changes occurring in itself, and extrinsic as regards changes induced in it by the presence of the spermatozoon or 
male element. 

The intrinsic changes consist in the extrusion of certain constituents of the nucleus of the ovum known as the 
" polar globules " : the extrinsic changes consisting in the intrusion into the nucleus of a spermatozoon or sperm- 
cell to take the place of the extruded polar globules. The ovum or female element on its part makes room for the 
spermatozoon or male element, and the latter takes full advantage of the arrangement. The male and female 
elements come together, and either fuse and merge into each other's substance or, as E. v. Beneden thinks, they 
maintain their identity, and mutually produce a double or compound cell, which is the starting-point of the new 
being (Plate lxxxvi., H to S inclusive, page 383). 

The fertilisation of the ovum, it will be seen, is brought about by a union of the most intimate kind ; the male 

3b 
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element actually entering into the female element. Not only does the ovum extrude part of its substance to make 
room for the male element, but an aperture, in many cases, is provided for the admission of the male element, 
which aperture is closed soon after this element has effected an entrance. 

Further, the male and female elements move towards each other both before and during impregnation. Thus, 
after coitus and before impregnation, the spermatozoon uses its vibratile, swimming tail on its way through the 
uterus to the Fallopian tube, and the movements of the cilia of the Fallopian tube assist the ovum in its passage 
through it ; the junction of the male and female elements and impregnation usually taking place in the tube. In 
the process of impregnation the male and female elements move still more closely together, and carry out in the 
fullest sense the original purpose of a perfect union. That the male and female elements should be produced in 
two separate individuals and independently, and after the congress of the sexes should seek each other and travel 
long distances to effect a union, is at once a fundamental and striking fact in physiology, and plainly proclaims 
pre-arrangement and design. Reproduction consists of a progressive series of co-ordinated movements and changes 
in both the male and female elements ; the spermatozoon even shedding its vibratile tail when it enters the ovum 
and the tail is no longer required. The changes to which allusion has been made take place before the division or 
segmentation of the ovum occurs. There are in reality two sets of changes to be considered, namely, (a) changes 
occurring during impregnation and before segmentation of the ovum takes place ; and (b) changes which occur after 
segmentation or division of the ovum. It is necessary to say a few words regarding each, as the impregnation and 
development of the ovum afford some of the best illustrations of design known to anatomy, physiology, and biology. 

§ 73. Ripening of the Ovum : Formation of Polar Globules. 

Either before or soon after the ovum escapes from the Graafian follicle of the ovary it undergoes a peculiar 
change, consisting of unequal cell-division or germination, and the extrusion from its vitellus of two minute spherical 
bodies, the so-called polar globules or directive corpuscles (Plate lxxxvi., 6 to N, inclusive). The change in 
question is independent of, but connected with, fertilisation, and is most important, as fertilisation does not occur 
without it. The cell division and extrusion of polar globules are almost universal in animals. They occur also 
in plants, and have therefore much significance. The polar globules (directive corpuscles) determine the pole at 
which the first segmentation will occur in the fertilised ovum. The globules consist of two small portions of the 
nucleus of the ovum, plus a certain amount of protoplasm. When they are to be extruded the germinal vesicle 
seeks the surface of the vitellus and undergoes changes indicative of a nucleus about to divide. It also loses its 
peculiar outline and shape. The vesicle, as a matter of fact, divides into two ; the one portion being extruded into 
the perivitelline space, the other being retained in the vitellus to be extruded subsequently. 

The remains of the germinal vesicle, designated the female pronucleus, now leaves the surface of the vitellus and 
seeks the centre, where it awaits the arrival of the male element (spermatozoon) ; the latter, when fertilisation takes 
place, forming the male pronucleus. 

The junction of the male and female pronuclei results in the formation of a new nucleus, and ultimately, 
a new being. It happens occasionally that the ovum receives a spermatozoon before it extrudes its polar 
globules. 

According to Minot " every cell which results from the division of a fertilised ovum is hermaphrodite." He 
also believed that the descendants of every such cell are also hermaphrodite. He founded his belief on the duality 
of the fertilised ovum, this containing male and female elements. Weismann in his theory of heredity propounded 
a somewhat different view. In his opinion " every animal and vegetable cell contains two kinds of living matter, 
namely, nuclear plasma and nutritive plasma : the former endowed with germinative, directing, and hereditary func- 
tions ; the latter with the assimilation of food and the more purely physical functions, such as contraction, nerve- 
conduction, secretion, &c." The nuclear plasma, according to Weismann, controls the functions discharged by the 
nutritive plasma. Weismann went further and divided the nuclear plasma into germinal plasma and histogenetic 
plasma. To the former he assigned primitive form and periodicity ; to the latter the division, growth, and differentia- 
tion of the cell. As fertilisation implies the addition to the ovum of a certain amount of male germinal matter, 
Weismann assumed that the ovum, prior to fertilisation and development, must get rid of its histogenetic plasma 
and a proportion of germinal plasma equal in amount to that brought to it by the spermatozoon. This adjustment 
is arrived at by the extrusion (a) of one (histogenetic) polar globule, and (6) of the other (germinal) globule. By 
this arrangement a certain amount of the primitive or germinal plasma of the original ovum always remains, and 
in due course transmits the accumulated ancestral peculiarities of both parents. Heredity is essentially molecular 
in its nature. It is to molecules and the atoms forming them that questions of heredity and affinity must ultimately 
be referred. Atoms and molecules precede all cell formation and division. 
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§ 74. Fertilisation of the Ovum. 

The ovum, when expelled from the Graafian follicle of the ovary, is caught by the fimbriated extremity of the 
Fallopian tube, and transmitted by ciliary action along the tube in the direction of the uterus. If coitus has 
taken place it may, and generally does, encounter the male element (spermatozoon) in the tube. Less frequently, 
impregnation occurs in the uterus itself. Impregnation may, as already indicated, occur outside both the tube and 
the uterus, in which case the impregnated ovum may fall into the abdominal cavity and produce extra-uterine gesta- 
tion. As a rule only one spermatozoon is required for fertilisation. The changes incidental to fertilisation are best 
seen in transparent ova such as those of echinoderms and ascaris. In echinoderms one spermatozoon generally 
may be seen to enter the gelatinous envelope which takes the place of the zona pellucida, and thrusts its head into 
the outer surface of the ovum, which rises up to meet it (Plate lxxxvi., 0, P, Q, R, S, page 383). 

In Ascaris, according to E. v. Beneden, a special aperture in the vitelline membrane (micropyle) is provided for 
the entrance of the spermatozoon, this always entering at the same part of the ovum (polar disc). The aperture in 
question is closed soon after the male element has passed in. The relations between the ovum and spermatozoon 
are in E. v. Beneden's opinion well defined and exact. They are obviously pre-arranged and the outcome of design. 

When the head of the spermatozoon has penetrated the ovum it quickly increases in size, and assumes the 
appearance of a nucleus. It forms the male 'pronucleus, and is to be distinguished from the female pronucleus formed 
by the remains of the germinal vesicle. The male pronucleus travels towards the centre of the ovum in the direction 
of the female pronucleus, and in so doing causes the molecular and granular contents of the ovum to arrange them- 
selves in well-marked and very remarkable radiating and concentric lines. The male pronucleus is evidently a 
directive force. When it reaches the vicinity of the female pronucleus the latter moves towards it as if by pre- 
concerted arrangement. The male pronucleus at this juncture throws off its vibratile tail, it being no longer 
required. The male and female pronuclei when they come together both take part in the stellate-concentric arrange- 
ment of the contents of the ovum above referred to. They form by their union a new nucleus, capable of forming 
new cells by division. 

Fertilisation is to be regarded as " the conjunction of part of the nucleoplasm of a sperm cell (protozoon) with 
part of the nucleoplasm of a germ cell (ovum) ; the result being the production of a complete nucleus endowed with 
active properties of division and reproduction." 

The peculiar structures and properties possessed by the nucleus as seen in the cell of the larva of the salamander 
are illustrated at Plate lxxxvii., A to Q inclusive. In this case the contents of the nucleus when resting are arranged 
in a network. When active and the nucleus is dividing they pass through a series of remarkable changes. Thus 
in the first stage of division the chromoplasm is transformed into a skein of closely contorted filaments ; in the 
second stage, the filaments become larger and looser ; in the third stage, the filaments become still larger, and 
present a looped appearance ; in the fourth stage, they are arranged rosette-fashion with a central clear space ; in 
the fifth stage, the filaments converge and present a stellate appearance. The filaments subsequently split up 
longitudinally, and divide into two sets (metakinesis) to form daughter nuclei. The daughter nuclei ultimately 
separate, and repeat in their life histories the history of the parent nucleus just given. It will be seen that the 
nucleus is by no means the simple structure it was once supposed to be. On the contrary, it is highly complex ; 
its activity being correspondingly great. 

It would be impossible to exaggerate the importance of atoms, molecules, ova, cells, nuclei, and other rudi- 
mentary structures connected with reproduction. As these structures exhibit from the first, and on the very 
threshold of life, globular, concentric, curved, spiral, radiating, branched, and segmented arrangements, it behoves 
us to give more than passing attention to living matter in the young and adult states, and to dead matter as a 
constituent of the inorganic kingdom. 

Much and general misunderstanding exists as to the relations between dead and living matter in the universe. 
It is, for example, not generally recognised that the inorganic and organic kingdoms are made for each other and 
obey similar laws ; that they are co-ordinated and mutually interdependent ; that they have much in common, 
and are not opposed to or destructive of each other ; that impassable limits are set to both ; that life is adminis- 
tered and kept going by the outside world ; that while individuals die off in time and space, the types of the race 
continue to live and to persist from generation to generation ; the stock of life being, as it were, transmitted 
unimpaired by innumerable ancestors, which have a continuous existence, and only reproduce their own kind. 

In the whole range of biology there is no more outstanding feature than is furnished by plant and animal types 
and by the stability and persistency of these types. Many millions of plants and animals have inhabited and con- 
tinue to inhabit the earth, but (and this is the peculiarity) they have not become mixed up or lost their identity to 
any appreciable extent. This is an extraordinary circumstance, and cannot be too deeply pondered. 
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That typical plants and animals should remain unchanged for thousands of years simply surpasses belief. 

There has always been a necessity for types or independent life centres. In geologic times the flora and fauna 
differed materially from those of the present day, and it is next to impossible for the geologist and biologist to dis- 
tinguish between them. The differences cannot be bridged over by any form of modification, however long con- 
tinued, or by any kind of evolution. The various extinct and living plants and animals do not merge or run into 
each other. They maintain, and have always done so, a separate existence. The belief in the separate creation 
of plants and animals in time and space is rapidly gaining ground. It is, however, admitted that modifications more 
or less extensive are required to meet the exigencies of climate, atmospheric conditions, environment, &c. 

Type and the persistence of type go together. 

Mr. William Carruthers has shown that the earliest vegetable specimens described by Dr. Schweinfurth from 
the Egyptian tombs reveal no trace of change. This is also seen in the unchanged leaves and other organs found 
in the Pleistocene clays of Ottawa, on the Continent, and in Britain. Mr. Carruthers shows that the ancient willow 
(Salix polaris), which now lives in the Arctic region, is found in the fossil form in the Pleistocene beds at Cromer and 
Bovey Tracy. 

Still more remarkable examples of the persistency of types are witnessed in animals. Here we are on compara- 
tively safe ground, as plants and animals are figured side by side on the ancient Chaldean and Egyptian monu- 
ments. Civilised man, the head of the great vertebrate type, is now known to have occupied Egypt and the 
neighbouring countries for at least 8000 years ; but as there was a civilisation long anterior to this, when flint was 
the only substance employed in the arts, that is, in the formation of arrow-heads, javelins, spears, knives, scrapers, 
hatchets, hammers, &c, the period of semi-civilisation must be very greatly extended. Indeed the antiquity of man 
may be transferred backwards to a practically indefinite period. 

Professor Huxley has furnished proofs at once of the fabulous antiquity of animals and of the marvellous 
stability and persistency of type. He points out that, " The progress of research has supplied far more striking 
examples of the long duration of specific forms of life than those which are furnished by the mummified ibises and 
crocodiles of Egypt. A remarkable case is to be found in the neighbourhood of the Falls of Niagara. In the imme- 
diate vicinity of the whirlpool, and again upon Goat Island, in the superficial deposits which cover the surface of 
the rocky subsoil in those regions, there are found remains of animals in perfect preservation, and among them 
shells belonging to exactly the same species as those which at present inhabit the still waters of Lake Erie. . . . 
We are fairly justified in concluding that no less a period than 30,000 years have passed since the shell-fish, whose 
remains are left in the beds to which I have referred, were living creatures. 

" But there is still stronger evidence of the long duration of certain types. I have already stated that, as we 
work our way through the great series of the Tertiary formations, we find many species of animals identical with 
those which live at the present day, diminishing in numbers, it is true, but still existing, in a certain proportion, in 
the oldest of the Tertiary rocks. Furthermore, when we examine the rocks of the Cretaceous epoch, we find the 
remains of some animals which the closest scrutiny cannot show to be, in any important respect, different from those 
which live at the present time. That is the case with one of the cretaceous lamp-shells (Terebratula), which has 
continued to exist unchanged, or with insignificant variations, down to the present day. . . . Hence it must be 
admitted that certain existing species of animals show no distinct sign of modification, or transformation, in the 
course of a lapse of time as great as that which carries us back to the Cretaceous period ; and which, whatever its 
absolute measure, is certainly vastly greater than 30,000 years." l 

The marvel of the permanency of plants and animals on the earth is only surpassed by the marvel of their 
creation. It is difficult to realise that from tiny specks of living matter the interminable races of plants and animals 
proceed, and that from one speck comes a highly complex form like the bee, and from another a simple animal 
like the amoeba. The living microscopic particles produce with equal facility the smallest and largest plants and 
animals, as represented by the snow plant and Wellingtonia on the one hand, and by the zooid and leviathan, ancient 
and modern, on the other. The permanency of tiny living specks, their refusal to coalesce and lose their identity, 
and their capacity to produce plants and animals " after their kind," argue the possession of wholly exceptional 
powers. These powers are inherent, and are in no way connected with irritability, extraneous stimulation, environ- 
ment, or chance. They afford examples of " means to ends," design, spontaneity, and vitality, and become wonderful 
in proportion to the care bestowed on their examination. 

The points of interest in the present connection are briefly these : — 

(a) Plants and animals are arranged according to types. 

(b) The types are permanent and independent, and do not change into anything different from themselves. 

(c) Types are known to persist for very many thousand years. 

1 *' Lectures and Essays," by Thomas Henry Huxley (Macmillan's series). London, 1904, pages 22 and 23. 
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(d) They are the product of a First Cause, and are in no way the result of accident. 

(e) They are living entities and are not to be confounded with automata in any form. 

(/) They are self -acting, and work out their destinies, under guidance, by spontaneous movements. 

{g) They occasionally die out, and when they do, their disappearance is due not to mischance but to a pre- 
determined plan. The extinction of certain plants and animals at a given period does not interfere with nature's 
general plan or with the identity or permanence of plants and animals. 

(h) The reproductive elements of plants and animals have a life of their own, and are living from the first. 
They bring with them into the world the wherewithal to nourish them while they are developing. 

(%) There is a life of the individual and a life of the race, and both are persistent, although in varying degrees. 
The duration of the life of the race greatly exceeds that of the individual, but the one life is inseparably bound up 
with the other, both having a common source. 

(/) Limits have been set to the outward and inward workings of plants and animals, and the same is true of 
the several parts of the inorganic kingdom. 

(A) The inorganic and organic kingdoms are the counterparts of each other, and the two are complementary 
in the widest sense. They give to and take from each other at every point, both as regards matter and force. 

(I) Any little tendency there is to variation in plants and animals is sooner or later corrected by a well-marked 
tendency to revert or breed back. This reversion contributes to the perpetuation of types and to the permanency 
of plants and animals on the earth. 

The permanency and non-mixing of plants and animals here insisted on are seen at their birth, in their 
development, and in their career generally. 

While everything in our planet is daily and hourly changing, the great flora and fauna practically remain 
stable. Stability or permanency, under the circumstances, bespeaks guidance and the operation of forces and laws 
directly referable to a First Cause. The existence of such a state of things can only be explained by pre-meditation 
and design. 

The most striking feature connected with ova, cells, and nuclei is their ultimate composition. Do they possess 
a common structure, and have they in their substance at birth or at any period of their life histories, actually or 
potentially, a something which indicates a general plan according to types and a special descent, whereby each plant 
and animal reproduces only itself ? 

The changes which occur in reproduction are far-reaching. They raise the very important and much-disputed 
question of the homogeneity and oneness of the ovum, and the identity of the matter forming the atom, molecule, 
cell, and nucleus in the embryos of plants and animals. Until the advent of the phenomenally high powers of the 
microscope it was customary to speak of the ovum, cell, and nucleus as simple or differentiated. A cell wall, 
nucleus, nucleolus, and cell contents or protoplasm were, as a rule, predicated. There were, however, endless dis- 
putes as to which of the structures mentioned was the most important. The consensus of opinion was ultimately 
in favour of protoplasm, which, variously designated and described, was regarded by the majority of biologists as 
the " physical basis of life," u the life stuff," &c. This protoplasm was considered simple, homogeneous, and 
identical throughout its entire substance. It was maintained, with few exceptions, to be wholly undifferentiated. 
This statement is no longer tenable, as chemical analysis has shown protoplasm to be heterogeneous, and to vary 
markedly in ultimate composition. It may be accepted as an axiom, to which there is no exception, that differentia- 
tion can only occur in heterogeneous substances. No differentiation is possible in absolutely simple bodies. In 
living plants and animals " like produces like." A simple cell plant or animal can be obtained from an undif- 
ferentiated speck of protoplasm, but to get a differentiated organism, a heterogeneous, complex speck of matter must 
be employed. The theory that everything, inorganic and organic, had a simple origin is a very fascinating and a very 
old one. It was re-stated and amplified by M. Jean Lamarck in 1801, and received a fresh fillip from the writings 
of Mr. Charles Darwin in 1859 and subsequently. It largely rejects a First Cause and design, and leans upon chance 
as a main factor. It is denied by an ever-increasing number of advanced modern workers, and no longer holds 
the supreme position it did. It is especially discredited by those who believe in life as a separate entity, and who 
are opposed to spontaneous generation, utilitarianism, and opportunism. 

It is now a matter of common knowledge that the ovum and nucleus are complex to begin with, and that they 
undergo the most extraordinary changes during the process of reproduction. There is in these facts warrant for 
the belief that no part of the ovum is homogeneous and simple in the ordinary sense, and the same is true of the 
ovum as a whole in all its stages, from its impregnation until the offspring reaches maturity (Plates lxi. to lxiv., and 
lxxxvi. to lxxxix. inclusive). 

All this can have but one meaning. The generally accepted theory that the ovum is simple, homogeneous, and 
identical is, when carefully examined, found wanting, and must give way to the pressure of accumulated recent facts. 
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Evolution, as indicated, is naturally divided into an ancient and modern form, and comes into operation when- 
ever an attempt is made to obtain complex substances or beings from simple substances by an immeasurable series 
of slight modifications said to extend over practically unlimited periods. The ancient and modern theories of 
evolution are both faulty, and fail us at the most critical point, namely, where the simple substance is said to be 
converted into the complex one, and where differentiation is held first to make its appearance. 

There are two phases of development with which the ancient and modern doctrines of evolution are altogether 
inadequate to deal. They have completely failed to explain the existence of type and the persistence of type. 
Neither can they account for the general plan and design which everywhere obtain in nature. Those who are 
opposed to evolution in all its forms not unnaturally inquire, How can plants and animals which vary to quite an 
extraordinary extent in ultimate composition be produced from an ovum which is, in all its parts and particles, 
homogeneous and simple, that is, undifferentiated ? They say, and say truly, that complex plants and animals 
can only be produced from compound, heterogeneous substances ; in other words, from substances which are them- 
selves directly or indirectly multiple. The compound matter, according to them, is necessary to the production of 
the compound plant and animal at the outset, and at every stage of its career. 

The only question which now remains is as to whether the ovum is a microcosm, that is, a miniature structure 
where all the parts composing it are present at one and the same time ; or a conglomerate, consisting of many parts 
where only certain of them are in evidence at any particular period ; these forming the foundations and scaffolding 
for the others, which appear in succession at intervals in a given order, until the compound plant or animal is 
produced. In the one case, the plant and the animal are the outcome of one continuous set of changes or develop- 
ments ; in the other, of several sets of consecutive changes or developments. 

According to the supporters of evolution in its most ancient and widest sense there is one long continuous act 
of development ; simple matter having impressed upon it at the outset certain tendencies which inevitably result 
in differentiation in a particular direction, and which finally produce the perfected plant and animal. Otherwise 
stated, the original ovum has in itself certain potentialities which it has no power to resist, and which act in specific 
directions in the production of plants and animals according to types. Evolutionists seek to explain types for the 
most part by chance, and as apart from a First Cause, a pre-arranged plan, and design. To all such views, if the 
Deity be excluded, I am wholly opposed. 

These opinions are further discussed in other parts of the work, and the illustrations connected with them have 
an interest all their own, and should be carefully examined and studied. 



PLATE LXXXVI 
Plate lxxxvi. shows various kinds of ova and the changes occurring in them before and after impregnation. 

Ovarian ovum of a mammal (A, B, C). 

A. Entire ovum seen under pressure. <i, Zona pellucida or radiata ; A, yolk substance and protoplasm ; r, germinal vesicle 
with germinal spot. 

B. <f, Zona pellucida burst by pressure ; b, yolk substance and protoplasm escaped ; c, germinal vesicle set free. 

C. Germinal vesicle with thin coating of yolk substance (after Allan Thomson). 

D. Ovum of cat greatly magnified and semi-diagrammatic a, Zona pellucida or radiata showing radiated structure ; b f yolk or 
vitellus invested with delicate membrane ; c, germinal vesicle ; d, germinal spot (after E. A. Schafer). 

E. Diagram of a holoblastic (aUcithal) ovum. b y r, Germinal vesicle and germinal speck. 

F. Ditto of a meroblastic (Ulolcctihal) ovum. In these figures the nutritive part of the yolk appears as clear globules (6). At 
F, it is seen in excess unless in vicinity of germinal vesicle (r), where the protoplasm abounds (after E. A Schafer). 

G. Ovum of rabbit from Fallopian tube twelve hours after impregnation. Shows formation of polar globules, a, Zona pellu- 
cida with spermatozoa (male elements) ; A, vitellus or yolk ; r, perivitelline space with spermatozoa ; d, polar globules extruded 
from vitellus (after Bischoff). 

H. Formation of first polar globule in egg of Ascarx* m«jalocej>hala. a, Zona pellucida; 6, yolk substance and protoplasm ; 
<*, germinal vesicle converted into spindle of achromatic fibrils with fibrils radiating into the protoplasm ; d, eight portions of 
chromatin ; e, head of spermatozoon becoming male pronucleus. 

I. Shows the eight chromatin particles separated into two sets, <i, Zona pellucida ; b, yolk and protoplasm considerably 
shrunken ; d y the two sets of chromatin particles. 

J. Shows separation and extrusion into perivitelline space of half of germinal vesicle (four outer chromatin particles) with 
portion of protoplasm to form polar globule, a, Zona pellucida ; b f yolk protoplasm ; rf, half of germinal vesicle with four chromatic 
particles extruded into perivitelline space ; e, line of division (V. Genuchten). 

K. Formation of second polar globule in Ascari* mcijalocepkala. a, Zona pellucida; A, yolk substance and protoplasm; r, 
position occupied by extruded first polar globule ; (/, spindle of achromatic fibrils with four chromatin particles at equator formed 
by remaining half of germinal vesicle. 

L. (i, Zona pellucida ; r, first polar globule ; d } y-shaped spindle of fibrils with chromatin particles approaching surface of 
ovum ; r, male pronucleus formed from spermatozoon. 

M. Extrusion of remaining half of germinal vesicle commenced, a. Zona pellucida ; c, first polar globule ; g y partial extrusion 
of second polar globule. 
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PLATE LXXXVI (rontimud) 
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N, Separation of second polar globule (b), with two chromatin part 
vesicle (d) forming the female pronucleus ; e, male pronucleus ; r, first polar globule (Carnoy). 

O. Fertilisation of the ovum of an echinoderm. 11, Zona pellucida ; b, spermatozoon perforating vitelline membrane ; 
plasm of vitellus. 

P. a, Zona pellucida ; b, entrance of spermatozoon into protoplasm of vitellus (c), with radiating and concentric arrangement 
of its granules. 

Q. a. Zona pellucida ; b, head of spermatozoon enlarging to form male pronucleus ; d, female pronucleus. The radiating and 
concentric arrangement of protoplasmic yolk granules is well marked in this figure. 

B, S. Blending of the male (ft, b) and female (d, d) pronuclei (Selenka). 



e and less closely arranged. (In this and all the other figures, Fig. A 



PLATE LXXXVII 

Plate lxxxvii. illustrates different stages of karyokinesis in the epithelium cells of the larva of the salamander. 
These cells are hardened in chromic acid and stained with hematoxylin. Highly magnified (Flemming). 

A. Resting cell, displaying the nuclear network. 

B. First stage of division, the chromoplaam being converted into a skein of closely contorted filaments. 

C. Second stage of division, filaments increased in size and less closely arranged. '*" '' ' " "' 
excepted, the nuclear matrix is clear.) 

D. Filaments slightly more magnified than in the other figures ; these showing a looped arrangement, better seen at E, wher 
they are rosette-shaped and enclose a central clear space. 

F. Filaments converging towards the centre. 

G. Stellate phase or aster. 

H. Completion of longitudinal splitting already begun at F and G. 

L Filaments beginning to separate into two groups (metaki nests). 

J. Further separation into two sets. 

K. Separation further advanced. 

L. Stellate pbase of daughter nuclei (diaster). 

H. Commencing convolution of filaments. 

N. Filaments more contorted. 

O, P. Gradual passage of daughter nuclei into condition of rest as si 

Note. — The division of the protoplasm begins at the stage (M) and it 



in at network (J. 
rapidly completed at (N). 
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PLATE LXXXVII (emdinutd) 

(R, S, T.) Stages of metakiuesis according to Kabl. 

R, The split chromosomes beginning to separate. 

S. The separation further advanced. 

T. The separated chromosomes passing along the fibres of the achromatic spindle. 

U. Gland-cell from a larva of nemocera. a. Cell membrane ; ft, protoplasm ; r, nuclei 

V. Part of tbe nuclear filament seen at U greatly magnified (Csrnoy). 



: with convoluted filament. 



PLATE LXXXVII1 

Plate lxxxviii. illustrates the formation and conjugation of the pronuclei in A scans megalocephala according to 
E. v. Beneden. 

A. a, Female pronucleus ; ft, male pronucleus, each containing two chromatin particles, the male (ft) exhibiting skein formation ; 
r, one of the polar globules ; the second polar globule has been extruded. 

B. The chromatin in the female (n) and male (ft) pronuclei forming skeins ; r, polar globule. 

C. The skein formation of the female (a) and male {b) pronucleus more pronounced; remains of spermatozoon adhering to h. 
Two attraction -spheres (rf) with central particles united by spindle of achromatic fibres now appear ; t, polar globule. 

D. The female («) and male (b) pronuclei enlarged and skein formation completed ; c, polar globule. 
', Female pronucleus with skein contracted and thickened ; rf, attract ion -spheres on one side of ovum connected with 



periphery by cone of fibres forming polar circle («, e') ; /, equatorial circle. 

F. Female («) and male (ft) pronuclei now in contact ; spindle system -. 
placed between pronuclei. At G, H, I, and J, these spheres are omitted. 



uiged a 






The attraction-spheres (rf, rf), 



6. Construction of skein and v-shaped formation of chromatin filaments in female (11) and male (ft) pronuclei, which now indent 
each other ; r, polar globule. 

H. V-shaped chromatin filaments more pronounced, and union of female («) and male (ft) pronuclei more intimate ; r, polar 
globule. 

L V-shaped chromatin filaments dividing by longitudinal cleavage 11 and ft, male and female pronuclei ; <-, polar globule. 

J. Highly magnified to show structure of v-shaped chromatin filaments («, ft) ; consist of fine granule* of chromatin ; 
e, polar globule. 

K. (i, ft, Four chromatin loops in middle of elongated ovum about to divide into two cells ; the loops forming a spindle-shaped 
system of granule with fibrils radiating in the direction of the attraction-spheres (if, rf'), which in turn radiate into the protoplasm 
of the ovum ; i*, polar globule. 

L. Shows chromatin filaments (1, ft) of conjugated nuclei separating ; also system of radiating fibres from attraction-spheres 
(rf, <f); r, r', polar circle ; rf, rf', central circle ; e, equatorial circle (semi-diagrammatic). 
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PLATE LXXXVIII 




M. Chromatin filament! (", '•) n 



PLATE LXXXVIII (amMweu) 

a widely separated. The centra! particle of each at tract ion -a phot 



N. Chromatin filaments (it, h) becoming developed into the skeins of daughter nuclei united by achromatic fibres 
of ovum dividing into two at x. 

O. j*, Division of ovum progressing. The attraction -spheres have now divided into two (rf rf, 1/' d'), and are joined by 
fibres to each other, and to periphery of cell as at D. The daughter nuclei display a chromatin network. 



iow divided 
protoplasm 

achromatic 



PLATE LXXXIX 

Plate lxxxix. — Dividing nucleus displaying spindle of achromatic fibres with the chromosomes arranged astrally 
at the equator of the spindle (A). Shows also well-marked radiating and concentric arrangements (Itabl). 

A. a, a', Central particle ; b, b', polar radiation attraction-sphere ; ti, chromatin loop cleft longitudinally ; t, clear area ; 
/, cell substance. 

B. Dividing nucleus at " aster stage," Been from one of the poles, with the achromatic spindle foreshortened. Shows 
radiating looped arrangement. 11, Outline of nucleus ; h, achromatic spindle with central polar particle ; t, chromatin loops. 

C. to J. Illustrate the stages in the division of the ovum or egg-cell of a worm. Show radiating, spindle-shaped, concentric 



0. Ovum before division. 

D. Spindle-shaped fibres with chromatic nodules (chromosomes) at the equator of the spindle. 

E. Separation of chromosomes into two parts, which travel towards the poles of the spindle and ther 
w (daughter) nuclei, the protoplasm meanwhile also separating into two parts, ss seen at F, G, H. 



become transformed into 
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PLATE LXXXIX 




PLATE LXXXIX {continued) 

At F there is thickening of the achromatic fibres in middle of spindle indicating plane of division of cell. 
I. Repetition of dividing process with formation of spindles in daughter nuclei. 
J. Results of division (Strssburger). 

S 7S Reproduction in the Bird. 

The reproductive process can be readily and conveniently studied in the barn-door 
fowl. The egg, which represents the female element of the bird, must in every 
instance be impregnated or quickened by the presence, contact, or actual admixture 
of the male element. This impregnation, as a rule, occurs at an early stage, when the 
eggs are being formed. The formation and descent of the quickened egg down the 
oviduct are among the moat interesting and beautiful processes in nature, and afford 
unmistakable evidences of design (Fig. 76). 

Flo. 76. — Shows ovary, oviduct, and eggs of common barn-door fowl, a, Ovary, with eggs at 
various stages of development ; b, Graafian follicle from which an egg has been discharged ; 
r, fimbriated extremity of oviduct with egg entering it; •*, il, if, portion of oviduct supplying 
egg with moisture and twisted chalatsiferous membrane (e,/) ; d, y, h, portion of oviduct engaged 
in providing the egg witb a coating of albumen (the white of the egg); h, i, j, portion of the 
oviduct furnishing the three membranes of the egg (two soft and one hard) (after Dal ton). 

The young egg is formed in the ovary (Fig. 76, a,b) and consists of a germinal vesicle, 
a yolk, and a vitelline membrane. At this stage the egg is far from complete. It is 
dropped into the fimbriated extremity (c) of the oviduct, the mucous lining of which 
provides it with various coverings and membranes, soft and hard. Thus the upper 
part of the oviduct (c, d) supplies it with fluid to make it more flexible and yield- 
ing ; a second part (d, d') with a gelatinous membranous deposit which forms the 
chalariferous membrane {e, f) twisted at either end as if to prevent the escape of the 
vitellus ; a third part (d' t g) provides it with layers of a gelatinous albuminoid 
substance known as the white of the egg ; a fourth part (g, A) furnishes it with three 
membranous layers (the external, middle, and internal fibrous membranes) ; a fifth 
part (i, ;') infiltrates the external membrane with lime to produce the hard shell, the 
internal and middle membranes forming the soft shell. The egg of the fowl, it will be 
seen, is added to and completed in its passage down the oviduct. The completed egg 
is shown at Fig. 77. Nor does the marvel stop here. The egg while it is being formed 
is steadily passed along the oviduct by a series of peristaltic, rhythmic movements akin 
to what occur in swallowing and in the passage of food along the intestine. At one 
portion of the oviduct the egg is made to rotate, with the result that the chalari- 
ferous membrane is twisted in opposite directions to form the chalaza?. The oviduct 
at once completes and transmits the egg prior to its discharge through the cloaca. 
This it does by providing various secretions and membranes, and by establishing a 
series of spontaneous, independent, vital movements. The egg does not at any stage of its progress along the 
oviduct act as an irritant or stimulus either for the production of the secretions or the peristaltic movements. 
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The variety of the secretions and movements wholly forbids such an assumption. The secretions and movements 
are provided by nature for the obvious purpose of completing the egg and transmitting it to its destination out- 
side the body, where it w to be hatched. The secretions and movements are the result of inherent vital action as 
apart from every form of irritation and stimulation. As a matter of fact the oviduct takes the lead both in the 
secretions and the movements. The history of the egg, bo far, plainly points to adaptation and design. All the 
parte involved work spontaneously, consentaneously, and harmoniously to a given end ; that end being the 
completion, transmission, and discharge of the egg. 

The hatching of the egg is, in a way, as wonderful as its production. 

The impregnated egg can be hatched either by the parent bird, or artificially by means of an incubator. Heat, 
air, a certain amount of moisture, and turning of the egg at intervals are all that is required. 



{ 76. Division of the Impregnated Ovum. 

The changes which occur in the egg during the hatching process are of the most complicated and e 
character. No better example of the stupendous powers and resources of life 
can be adduced. The germinal vesicle, surrounded by the yolk and vitelline 
membrane (the original portions of the egg), begins the great process of 
differentiation by spontaneously dividing into two parts, then into four, then 
into eight, sixteen, thirty-two, sixty-four, and so on, until it forms a con- 
tinuous membrane, the so-called blastodermic layer ; the subdivisions 
assuming a cellular character. The dividing process is still seen in the 
impregnated human ovum (Fig. 78, D, E, F, G, H). Here again we have 
an example of spontaneous vital action as apart from irritation and 
stimulation. 




(c) ; albumen (rf) ; 



Fig. 78 illustrates the history of the impregnated human ovum. 




. Shows tht) mnmbrano of the vesicle {«); 
1 (t) ; the tunica albuginea (/) ; and the 



Flu. 78. — A. Portion of human ovary with Graafian follicle near tliu period of ruptui 

the membrana granulosa ('>) ; the cavity of the follicle (<■) ; the egg (if) ; the peritonei) 

tissue of the ovary (3). 

B. Human ovary with Graafian follicle ruptured. Shows ovum discharged with a portion of tho membrana granulosa (n), 
G. Human ovum ruptured by pressure. Shows escape of vitellus and germinal vesicle with germinal spot («). 

D. Human ovum, magnified eighty-five diameters. Shows membrana pellucida and vitelline membrane (<r) ; vitellus or yolk (b) ; 
germinal vesicle (r) ; germinal spot (d). 

E, F, O, H. Four different views of the segmentation of the vitellus. 
I. Adult frogs' eggs as they occur in the ovary. 

J. The tame when they have passed through the oviduct (after Daltou). 
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5 77. Development of the Embryonic Membranes or Layers from which the future Being proceeds. 

The division and subdivision of the ovum inaugurates what is practically a process of weaving ; the result 
being the production of a continuous membrane, known as the blastodermic layer, which in turn admits of division. 
This layer first divides into two and constitutes the external and internal blastodermic layers. At this stage the 
egg presents the appearance of a globular sac enveloped in three concentric membranes, namely, the structureless 
vitelline membrane, the external blastodermic membrane composed of cells, and the internal blastodermic membrane, 
also composed of cells. The cavity of the egg is occupied by a transparent fluid. 

The process of segmentation of the vitellus and the formation of the blastodermic membranes are the most 
important processes in the development of the egg. By these the vitellus or yolk, composed originally of an albu- 
minous matter, plus oily granules and protoplasm, is converted by a series of marvellous transformations into the 
several organs and body of the future chick. From the blastodermic membranes all differentiation proceeds. The 
segmentation of the vitellus and the formation of the blastodermic membranes is essentially the same in all animals, 
whether the ultimate product be a fish, a reptile, a bird, or a quadruped ; the distinguishing features of the 
several classes of animals being due to the development of accessory structures in particular directions. These, 
in the human subject, as will be shown presently, are numerous and important. 

The two layers of the blastodermic membrane represent the commencement of all the organs of the foetus ; 

the external blastodermic membrane produc- 
,« & y?iv-&' J- k fF\K,-i> m S * ne spinal column and the organs of 

animal life ; the internal blastodermic mem- 
brane producing the intestinal canal and the 
organs of vegetative life. 

The external blastodermic membrane, as 

organisation proceeds, presents an elongated 

oval thickening (the embryonic spot), with 

wide opaque edges enclosing a lighter portion 

Fin. 79.— A. Impregnated egg showing first trace* or embryo, a. Vitelline mem ■ (area pellucida) with a delicate central furrow 

"T '&££Z££* £ JfK^^WJJS . -g£j ■(« (the primitive tr.ee). The op.,™ edge, grow 

of blastodermic membrane ; 6/ *". dorsal plates ; 1; internal layer of blastodermic upwards to form the dorsal plates which en- 

"■"ulTaimilar section more advanced. „, External layer of blastodermic membrane ; Vel °P the S P inal ™ m ^ » nd Awards and 
b, b', dorsal plates united and enclosing spinal canal ; c, c', abdominal plates ; if, section downwards to form the ventral plates and 

Kulld"""'' ""' Um " M ^ rihBi *' '" Unal ,8y "° f b, " rtoJern,ic nirmhnae ribs which envelop the abdominal cavity. In 

this way what are virtually two tubes or 
cylinders are produced, the one containing the brain and spinal cord ; the other the intestinal track or canal 
(Fig. 79, A, B, C). 

Of late years the blastoderm has been divided into three layers, namely, an outer, which is the epithelial mem- 
brane of the blastodermic vesicle (Rauber's layer) ; an inner, the primitive entoderm ; and an'ill defined middle stratum 
consisting of somewhat granular cells. The three layers were supposed by E. v. Beneden to form the three permanent 
layers of the blastoderm ; but this view has been disputed by Rauber, Kolliker, Lieberkuhn, and Heape, who 
maintain that in the rabbit and mole the middle stratum at this stage of development blends with Rauber's layer 
to form the primitive ectoderm. According to Bonnet there is in the sheep an addition to the middle layer from the 
peripheral thickened portion of the hypoblast, the cells of which are supposed to form the connective tissue and 
blood. " The appearance of a middle layer causes the originally bi-laminar blastoderm to be tri-laminar, and 
its three layers have received the names of ectoderm, mesoderm, and entoderm ; or epiblast, mesoblast, and 
hypoblast." 

The following table gives briefly the structures derived from the three layers in question : — 

From the epiblaet proceed — 
{a) The nervous system, consisting of the brain, spinal cord, peripheral nerves and sympathetic nerves, 
(6) The epithelial structures of the organs of special sense. 

(c) The epidermis and its appendages (hair and nails). 

(d) The mammary, sebaceous, and sweat glands, with the muscular fibres of the latter. 

(e) The epithelium of the mouth and of the glands opening into it ; the enamel of the teeth, Ac. 

(/) The epithelium of the nasal passages, part of the pharynx, and the cavities and glands opening into the 

nasal passages, 
(a) The epithelium of the anus, vagina, and urethra. 
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From the mesoblast proceed — 

(A) The generative and urinary organs (the epithelium of the bladder and urethra excepted). 
(i) The voluntary and involuntary muscles (the muscular fibres of the sweat glands excepted). 
(j) The vascular and lymphatic systems, serous membranes, and spleen. 
(k) The skeleton and connective tissues. 

From the hypoblast proceed — 

(I) The epithelium of the alimentary canal and the glands which open into it. 

(m) The epithelium of the urinary bladder. 

(n) The epithelium of the Eustachian tube, the tympanum, the bronchial tubes, and the air sacs of the lungs. 

(0) The epithelium lining the vesicles of the thyroid body, and the epithelial nests of the thymus. 

Some investigators, following His, have still further divided the blastoderm. They describe the true mesoderm 
as consisting of two epithelial lamellae. According to them the complete blastoderm would consist of four layers ; 
namely, epiblast, outer or somatic mesoblast, inner or splanchnic mesoblast, and hypoblast. 

The separation of the blastoderm into layers is followed by other changes in rapid succession. Very soon blood- 
vessels and a rudimentary heart, composed of nucleated cells (minus muscular fibres and nerves) make their appear- 
ance (Plate xc, Figs. 1, 3, 4, and 5). The heart, as already stated, is formed prior to its containing blood. The organ 
is made before it is called upon to discharge its peculiar function. The same holds true of other organs — the lungs, 
for example. The formation of organs before they are called upon to discharge specific functions affords the strongest 
possible evidence of design. This evidence is strengthened when it is borne in mind that the organs and systems are, 
in many cases, simultaneously produced. It is not a mere case of successive developments, but of successive and 
synchronous, continuous developments ; the Master- Architect and Builder carrying out His work in part piecemeal 
and in part by simultaneous, complicated, combined operations. 

The heart is not only made before it contains blood, but it also assumes peristaltic rhythmic movements for 
propelling the blood when it reaches its cavities. The blood, therefore, is not the cause of the movements of the heart, 
as is generally believed. As a matter of fact, the heart, before it contains either muscular fibres, nerves, or blood, 
opens and closes with time-regulated beat, and quite independently. The same holds true of the so-called contractile 
vesicles in plants and animals. This is due to the circumstance that the heart is a containing as well as a propelling 
and transmitting organ. All the hollow viscera (stomach, intestine, bladder, uterus, &c), even in the adult, are 
endowed with similar powers. They are all containing as well as propelling organs. 

The changes which occur in the heart and vascular system during the process of development and in the transi- 
tion from the foetal to the adult state are of the most complicated and startling description, and will be adverted to 
further on when speaking of the placental, foetal, and adult circulations in man. 

The developing chick lives upon the albuminous and other materials in its vicinity, plus a little moisture and 
air. Organ after organ appears in anticipation of the function to be discharged by it. The brain and nerves, 
alimentary canal, glands, lungs, lymphatics, muscles, bones, feathers, &c., are all developed in a comparatively 
short period, and in advance of the peculiar work to be performed by each. The incubating process over, the 
completed bird emerges from what is practically an empty shell into the outer world, and immediately sets about 
procuring extraneous food. 

If the development of the chick within the egg is marvellous, and a triumph of design infinitely greater than 
that achieved by the watchmaker when he laboriously constructs a watch, the advent of the fully-fledged chick on 
terra firma and its instant and eager pursuit of food are, in a sense, still more wonderful. What an extraordinary 
combination of foresight and power does the development and birth of a chick and its immediate search for food as 
an independent being imply. All the functions of its multiple existence are at once brought into play : its lungs 
breathe air, its alimentary canal digests food, its muscular and nervous systems enable it to run here, there, and 
everywhere, its blood circulates, its glands secrete and excrete, and its brain and sense organs connect it in the most 
effective way with the outer world, in which it is henceforth to live and move. Shall we be told, or if told, shall we 
believe, that the fully-developed living chick is the result of accident — a mere matter of spontaneous generation — a 
product of irritability and artificial stimulation, or forsooth of environment ? 
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PLATE XC 
Plate xc. illustrates development in the bird, fish, and mammal. 

Fig. 1. — A. Egg of fowl at early stage of incubation. Shows unformed body of chick («), with area vasculosa (b) extending 
on either side and partly covering the viteilus (c) ; all being bounded by the twisted chalaziferous membrane (d, d'). 

B. The same further advanced. Head and body of chick (a) becoming defined ; the body being developed by amnion at b, and 
having the umbilical vesicle Of) depending from its under surface. The vascular allantois curves out from the under surface of the 
body, and spreads above it like an umbrella (c). The allantois acts as a lung to the chick, and the umbilical vesicle as a stomach 
(after Dalton). 

Fig. 2. — Egg of fish, showing the circulation in the viteilus or yolk (Dalton). 

Fig. 3. — Young fish, showing formation of umbilical vesicle. 

A. Vesicle seen depending as an open sac from ventral surface. Contains the food of the young fish. 

B. Umbilical vesicle more closed and communicating with future alimentary canal. 

C. Umbilical vesicle of human embryo at fifth week (after Dalton). 

Fig. 4. — A. Impregnated egg of fowl with allantois completed. </, Umbilical vesicle ; b t amnion ; r, allantois. 
B. The same further advanced ; alimentary canal beginning to make its appearance. a t Umbilical vesicle ; b, allantois (after 
Dalton). 

Fig. 5. — The same still further advanced ; the alimentary canal appearing as a convoluted tube, a, Pharynx, and proceeding 
from it the oesophagus, stomach, alimentary canal, and bladder ; b f heart ; r, mesenteric arteries ; d, umbilical vesicle and blood- 
vessels thereof, greatly reduced ; e, large umbilical arteries passing to placenta (/) (after Dalton). 

Fig. 6. — Section of human uterus with the impregnated ovum (/>) lodged in the mucous membrane (decidua vmi) (after Dalton). 

Fig. 7. — Human uterus laid open to show the vagina, os uteri, interior of uterus, right Fallopian tube, &c. The darts indicate 
the direction of travel of the male and female elements (spermatozoid and ovum) after coitus. n f Fundus of uterus ; b, right ovary ; 
r, fimbriated extremity of the right Fallopian tube which seizes the ovum as it escapes from the ovary ; d, c, right Fallopian tube 
laid open — shows route taken by ovum on its way to the uterus (see darts) ; /, os uterus laid open — the dart shows the route taken 
by the spermatozoon ; the route is further indicated by the dart ; </, the male and female elements meet either in the Fallopian 
tube, or in the uterus ; /i, portion of vagina ; t, os uteri. 

Fig. 8. — A. Human ovum, about the end of the first mouth, n, Umbilical vesicle ; />, amnion ; r, shaggy chorion ; d t amniotic 
space ; t\ body of embryo. 

B. Human ovum at the end of the third month, a, Remains of shaggy chorion with villi developed to form the festal portion of 
the placenta ; ft, chorion devoid of villi (after Dalton). 

§ 78. Subjects connected with the Development of the Human Embryo and Fcetus. 

The formation of the human embryo and foetus is, in some respects, more remarkable than that of the chick, 
inasmuch as the relation between the parent and offspring is much more intimate and of longer duration, and 
involves a double set of changes, namely, changes in the mother and changes in the progeny. The relations referred 
to, moreover, do not suddenly cease at parturition as in the case of the chick. 

The impregnated human ovum, as happens in the bird, carries with it its own pabulum until it reaches and is, 
so to speak, grafted on the mucous lining of the uterus. Arrived there it is nourished by a process of osmosis by 
uterine fluids and gases, namely liquor sanguinis, oxygen, and glandular secretions. The nourishing process is largely 
mechanical, but in no sense due to irritability or artificial stimulation. Soon a series of the most delicate, involved, 
and far-reaching changes are inaugurated. The tender embryo is to be protected and housed as well as fed, and the 
most elaborate preparations are made for both purposes. The os uteri is plugged with mucus to guard against 
danger from without. Two thin but tough membranes or envelopes (the amnion and chorion) containing fluids are 
provided, so that the embryo may float daintily and freely, and be protected from any injury which may overtake 
the parent. 

The ovum increases its absorbing surfaces by developing villi or hair-like processes on the chorion or outside 
membrane, which may very aptly be compared to the roots of a tree (Plate xcii., Fig. 1, F, 6, H, I, J, L, page 396). By 
these processes it, at a later period, establishes a connection with the circulation of the mother by which it is nourished, 
and by which its own blood, when formed, is aerated (Plate xcv., Figs. 1, 2, 3, and 4, page 407). 

The period of gestation in the human female extends over nine calendar months, and during that protracted 
term a series of the most astounding developments which it is possible to imagine occur. The impregnated ovum, 
from being a tiny round speck about the size of a small pin head, consisting of a vitelline membrane, viteilus, 
germinative vesicle, and germinative spot, slowly, but surely, assumes the human form. jj 

In the human female child, long before the age of puberty (indeed at birth), a pair of ovaries crowded with 
immature ova make their appearance. At puberty certain of the ova or eggs, fully matured, burst in succession 
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(at or about the monthly periods) the structures which confine them on the surface of the ovaries. The original 
production of the immature eggs, their ripening, and discharge from the ovaries cannot, even by a stretch of the 
imagination, be regarded as due to inherent irritability or stimulation of any kind, and still less to environment 
(Plate xci., Fig. 3, page 393). 

The eggs are discharged for the most part singly or in pairs by an accumulation of serous fluid, it occasionally 
happening that three and even four or more eggs are liberated : a multiplicity of eggs meaning, as a rule, a multi- 
plicity of offspring. The egg or eggs liberated from the surfaces of the ovaries tend to, and occasionally do, fall into 
the abdominal cavity, in which case the dangerous condition known as extra-uterine pregnancy occurs. In order to 
prevent such a catastrophe, nature, ever watchful, provides two special tubes called the Fallopian tubes to conduct 
them to the interior of the uterus. These tubes are very remarkable structures, and are armed with very ample 
powers. They spring from the horns of the uterus, and terminate in free, funnel-shaped, fimbriated extremities ; their 
function being to seize the mature egg or eggs and transmit them to the interior of the uterus (Plate xc, 
Fig. 7, page 391). 

The manner in which they do this is of transcending interest, and affords one of the best-known examples of 
co-ordinated, vital action. It also affords a striking instance of design. The free, fimbriated extremities of the 
Fallopian tubes literally search for and find the ripe egg or eggs on the surface of the ovaries. These they seize as 
if with hands, and slowly transmit along their interior (largely by ciliary action), coating them in transitu with a 
layer of albumen which at once affords them nourishment and facilitates their progress. The Fallopian tubes exercise 
similar functions to those discharged by the oviduct of the bird already described. They perform their movements 
and provide their peculiar secretion quite apart from irritation or stimulation, as supposed. The egg or eggs, when 
once fairly lodged in the Fallopian tubes, are in the best possible position for impregnation, and here impregnation 
generally takes place. As already explained, it happens occasionally that gestation occurs in the tubes, and when 
it does, the abnormal and critical condition known as Fallopian tube pregnancy is established. At rare intervals 
the impregnated ovum escapes into the abdominal cavity. Abdominal and Fallopian tube pregnancies are, fortu- 
nately, exceedingly rare events. The world-renowned Ceesar was the product of an abdominal pregnancy, and gave 
his name to the formidable obstetric operation known as the " Caesarian section." 

The spermatozoids, ova, uterus, &c., are figured at Plate xci., page 393. 



PLATE XCI 

Plate xci. illustrates the developments of the brain : it also shows various kinds of spermatozoa, an ovum and 
ovary, and a human uterus (natural size). 

Fio. 1. — A. A nerve tube with opening at either end. 

B. Expansion and bulging of brain substance at anterior end of nerve tube. 

C. Expansion and division of nerve tube into three primary vesicles : I. forebrain ; n. midbrain ; in. hindbrain. 

D. Further expansion and subdivision into five primary vesicles, ci, Cerebrum ; b, thalamencephalon ; c, optic lobes ; rf, cere- 
bellum ; e> medulla oblongata. The primary nerve tube is now known as spinal cord (/). 

E. Further expansion and differentiation, a, Cerebrum ; 6, pineal body ; r, optic lobe ; </, cerebellum : t, medulla oblongata ; 
/, spinal cord ; «/, olfactory lobe ; h, pituitary body ; i, notochord (alter Huxley). 

Fin. 2. — Spiral spermatoioa of various kinds. 

A. Spermatozoon of Triton (Triton cristotu*), x450. 
11 Spermatozoa of rabbit (Lrpu* cuiu'chIhs), x450. 

C. Spermatozoon of field mouse (Arvirola <irmlis) 9 x 450. 

D. Spermatozoon of wood shrike (Lanin* rufus), x 450. 

E. Spermatozoon of gold finch (Fringilla <7rt*i*t«), x 450. 

F. Spermatozoon of Perca (Ptrrafuviatilis), x450. 
ti. Spermatozoon of blackbird ( Turdu* mrrnh\ x 450. 
H. Spermatozoon of man (Homo Mpi*n$), x450. 

1. Spermatozoon of frog (Kona tem}*mirui), x 450. 
J. Spermatozoon of rat \Mh* rattu*), x450. 

K. Spermatic cyst of common creeper bird (Cetihia ftnniliaru) f containing a bundle of spermatozoa, x500. 
L. Spermatic cyst of rabbit. *». The globules, each of which contains a spermatozoon, x 350 ; 6, separate globnli, x 500 (after 
Griffith and Henfrey\ 

Fio. a — Portion of human ovary with mature and immature ova. <», Mature follicle and ovum, consisting of membrana granu- 
losa, zona pellucida. vitellus. germinal vesicle, and germinal spot : b, epithelium : r, stroma: d, immature ova ; e, immature follicle 
(after Fothergill). 
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PLATE XCI 
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PLATE XCI— continued 

FlG. 4.— Coronal and sagittul sections of human uterus drawn over half inch squares to show the natural 1: 
The same letters are employed in Figs. A and 8. 

A (Coronal section), a, h. Mesial line section of uterus, showing fundus {«) and external os uteri (/>) ; r, /, section of upper 
portion of vagina ; d, e, /, 7, portions into which the uterus may he divided ; ft, 1, right and left Fallopian tubes entering 
the triangular-shaped cavity of the uterus ; ;, contraction corresponding with the internal os uteri and separating the 
triangular cavity of the uterus from the spindle-shaped cervix of the uterus: it, line intersecting the spindle-shaped cervix of 
tba uterus. 

B (Sagittal section). 11, '1, Mesial line section of uterus, showing fundus («) and external os uteri (6) : r, r*, section of upper 

rrtion of vagina ; d, e, f, portions into which the uterus may he divided ; j, constriction corresponding with the internal os uteri ; 
line intersecting the spindle-shaped cervix of the uterus (after Fothergill). 
VOL. I. 3d 
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§ 79. Career of the Unimpregnated and Impregnated Human Ovum. 

There is the greatest possible difference between the unimpregnated and impregnated ovum. The former, 
although a living thing, dies sooner or later after reaching the uterus, and is, in due course, discharged with the 
catamenia. The impregnated ovum, on the other hand, quickened as it were by contact with the male element, 
embarks upon a new career ; upon a series of the most complicated and extraordinary changes with which it is 
possible for even the professional mind to deal. 

Those who endeavour to explain all physiological action by the theory of irritability and artificial stimulation 
would doubtless argue that the male element (spermatozoon) irritates and excites the female element (ovum). The 
argument, if employed, would be a mere assumption. The male and female elements are equally alive : they are 
independent yet interdependent entities, and are absolutely necessary to each other so far as reproduction is con- 
cerned. The male element is not more necessary to this act than the female element. They are physiologically of 
equal value. Their coming together and interpenetration is not due to irritation or extraneous stimulation, as 
generally understood, but to pre-determined vital arrangements. The male element seeks the female one, and when 
it finds it, it literally buries itself therein : the lashing, vibratile movements of the spermatozoon cannot be referred 
to the virtually stationary ovum which, at the outset, is nowhere near. The spermatozoon is endowed with inde- 
pendent movements, and the ovum is moved along by the action of cilia in the Fallopian tube ; it being arranged 
that the male and female elements shall infallibly meet. The movements of the spermatozoon, the cilia, and the 
ovum are all independent of each other. They are simply means to ends, and the palpable outcome of design. 
There is no need for either irritability or stimulation in the case. 

In the whole range of science I question if a better example of design, or of adaptation of means to ends, can 
be found than is supplied by the history of a human ovum before and after impregnation. The impregnated human 
ovum runs through a whole gamut of changes, some of them as puzzling as they are formidable. It is to be credited 
with changes in itself, as well as changes in the mother, of the most far-reaching description, and I venture to assert 
that not one of the numerous changes referred to can be regarded as accidental or the result of irritation or artificial 
stimulation. The changes are in every instance spontaneous, independent, and vital, and they are all foreseen and 
provided for from the beginning. The changes are the result of co-ordinated movements in the hard and soft parts, 
partly in the foetus and partly in the mother ; and the changes in the mother keep pace with those in the foetus, 
so that when the period of parturition arrives the child is free to breathe pure air and regale itself with maternal milk 
prepared for it beforehand. This production of a nutrient, all-sustaining fluid, constitutes the final stage of a 
superlatively interesting series of developmental acts. The babe ancl its milk are no chance products. They come 
together at precisely the right time, and afford overwhelming evidence not only of a Designer, but also of an over- 
ruling and ever- watchful Providence. 

§ 80. Development of the Brain and Vessels of the Body— Placental and Foetal Circulation— Successive 
Changes witnessed in the Growing Parts. 

It may interest the reader and serve a good purpose if, at this stage, I give a very brief account of the history 
of an impregnated human ovum. 

The impregnated ovum, when it reaches the interior of the uterus, which it usually does about the eighth day 
after coitus, is, roughly speaking, about the size of a small pin head, and consists of a vitellus and vitelline membrane ; 
the germination vesicle and germinative spot (which are prominent parts of the ovum before it leaves the ovary) 
having disappeared. The ovum when it first reaches the Fallopian tube measures as nearly as may be 1 .} ? of an 
inch, and when it leaves the tube from -fa to «* 5 of an inch. 

The living, impregnated ovum attaches itself to the living mucous surface of the interior of the uterus, usually 
its posterior portion. The union is at first of the most casual description. By-and-by it becomes more intimate, 
but at best it is temporary in character ; the ovum, the embryo, and the foetus, as I pointed out in 1872, 1 occupying 
the position of parasites as far as the parent is concerned. They are living things which derive their sustenance 
from the mother, and when the period of parturition arrives, the temporary, but withal intimate, union is severed 
by a natural process akin to the separation of the leaf from a tree in autumn. Neither the original union with, nor 
final separation from, the parent occasions much difficulty, both being natural processes. 

That part of the mucous lining of the uterus which the ovum originally touches, and to which it adheres, is 
termed the decidua serotina, the parts of the lining in its vicinity the decidua vera, and the parts which are said to 
curve up over the ovum (a modification which I have never seen demonstrated) the decidua reflexa. When the 
ovum has comfortably settled itself in the mucous lining of the uterus of the mother, it immediately begins to imbibe 

1 " The Physiology of the Circulation in Plants, in the Lower Animals, and in Man." Edinburgh Medical Journal, 1872-73. 
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nourishment by a vital osmosis ; the pabulum being, as indicated, mainly supplied by the liquor sanguinis, by the 
uterine glands and secretions of the mother. As yet the ovum reveals no internal structure. Very soon the process 
of segmentation of the vitellus and the formation of the blastodermic and other membranes begin. This process has 
been already described, and need not be repeated. In the human embryo and foetus various and important accessory 
structures and fluids are developed and produced. The chief of them are the chorion, amnion, and their special fluids ; 
the umbilical vesicle, the allantois, the umbilical cord, and the foetal portion of the placenta. They are seen at 
Plate xcii., Fig. 1, page 390. 

PLATE XCII 

Plate xcii. illustrates the development of the impregnated human ovum in its several stages as embryo and 
foetus ; also the development of the brain, blood-vessels, &c. 

Fig. 1. — A to L inclusive. Represent changes occurring in the impregnated human ovum during gestation (after Crusius). 

A. Human ovum two weeks old, natural size. 

B. Human ovum two weeks old, twice natural size. ", Ovum embedded in mucous lining of uterus, namely, the decidua 
vera ('>, h), decidua serotina (r), and decidua reflexa ('/) ; e, villi of chorin. 

C. Human embryo three weeks old, half natural size, «, Body of embryo ; A, decidua ; c, amnion ; d, chorin ; c, villi of chorin ; 
f, umbilical vesicle. 

D. The same as C, three times natural size (lateral view). <t, h f c, Anterior, middle, and posterior brain ; d, eye vesicle ; 
e, ear vesicle ; /, visceral arches ; g, navel; h, primitive segments (vertebral column) ; i, amnion ; ;', allantois ; k, umbilical vesicle. 

E. The same as D, still more magnified (frontal view). «, h, Frontal and mid-brain ; </, eye vesicle placed laterally ; r, aperture 
of mouth ; *, maxillary process ; /, the four visceral arches. By the third week the embryo measures one-sixth of an inch in 
length and is covered with villi ; the allantois reaches the chorion ; the primitive circulation is established, the back is curved, and 
visceral arches appear. Traces of primary brain, eye and ear vesicles are distinguishable. The alimentary canal occurs as a 
straight tube and the mouth as a five-sided orifice. 

TF. Human embryo four weeks old, natural size, a, Body of embryo ; <\ amnion ; d, chorion with villi (e ) ; /, cavity of chorion ; 
<j, navel ; h, umbilical vesicle. 

By the fourth week the embryo measures one-third of an inch in length. The chorion is wholly covered with villi and the 
umbilical vesicle fully developed. The eyes are seen as two black dots, the superior and lower extremities appearing as buds. 
The proto-vertebne (future vertebral column) are also well marked, and terminate in a caudal portion or tail. 

G. Human embryo four weeks old, three times natural size. «, Head with eye, ear, and anterior, middle, and posterior brain ; 
/, visceral arches ; i, amnion ; m, superior and inferior (n) limbs appearing as buds ; h, h', rudimentary column ending in a caudal 
portion ; o, foetal portion of placenta ; k, umbilical vesicle. 

H. Human uterus with embryo five weeks old (semi-diagrammatic). <t, a, ", Walls of uterus ; A, cavity of uterus ; r, os uteri ; 
ri, cervix uteri with plug of mucus to seal the entrance ; i, decidua vera ; /, decidua reflexa ; g, decidua serotina ; h, villi of chorion. 
The embryo is seen enlarged at I. 

1. Human embryo five weeks old, twice natural size, a, Head with face, eyes, ears assuming shape ; c, amnion invests embryo ; 
m, n, superior and inferior extremities growing, fingers and toes forming ; o, foetal portion of placenta with villi composed of fine 
loops of blood-vessels ; p, allantoic vein ; r, chorion ; k y yolk sac and vitellus ; /, vitelline stalk. 

J. Human fcetus seven weeks old, half natural size. (The term foetus takes the place of embryo when the parts assume shape.) 
r, Chorion ; *, villi of chorion ; t, blood-vessels of umbilical cord spreading on the inside of the chorion ; u, amnion enveloping 
foetus : v, body of foetus ; v\ umbilical vesicle. 

K. Human foetus ei^ht weeks old. The shape of the body is now clearly indicated. ", h 9 r, anterior, middle, and posterior 
portions of head and brain ; //, eyelids forming ; r t ear forming ; m, superior and inferior (it) extromities show main divisions of 
limbs, and the hands and feet fairly formed ; .'-, body of uterus assuming shape, the caudal portion diminishing. 

L. Human foetus twelve weeks old within the amnion, half natural size. //, Amnion with fluid investing the f(etus and guard- 
ing it against accident ; r, chorion ; », o, villi of chorion with fine loops of blood-vessels forming fcctal portion of placenta ; .#•, body 
of fcetus well formed ; head, face, eyes, ears, and superior and inferior extremities well defined. 

Note. — For placental and foetal circulation, see Plate xcv., Figs. 1 and 3, p. 407. 

Fig. 2. — Plan of section of uterus with fully formed ovum (human). g t Mucous lining or membrane of uterus, opposite placenta 
(decidua serotina of authors) ; />, <-, lining membrane on body of uterus (decidua vera of authors) ; d y lining membrane of fietus 
(decidua reflexa of authors). This membrane (?) is found on the free surfaces of the chorionic villi (a), being in fact the mucous 
lining of the chorion. Such parts of it as are not engaged in covering the chorionic villi become thinned away and disappear 
towards the full term. It may, however, always be found on the free or uterine surface of a normal placenta, a, Chorionic villi 
constituting f<etal portion of placenta (the maternal portion is formed by capillary vessels found in mucous lining, g) ; A, chorion, 
from which the chorionic villi spring ; /, amnion ; t, umbilical vesicle ; ;', Fallopian tube. 

Note. — As pregnancy advances the parts marked f, a, g approach each other, and become accurately apposed. The same holds 
true of the parts marked h and d. This apposition and blending of maternal and fcetal structures facilitates the exchange (chiefly 
by osmosis) of nutritive and effete materials l>etween parent and offspring (the Author). 

Fig. 3. — Face or front views of various embryos as seen in man (A), in the cat (B), in the sheep (C), and in the bat (D) (after 
Haeckel). These resemble each other, and bespeak a general plan as represented by types and as apart from and independent of 
evolution. 

Fig. 4. — Circulatory systems of the fcetus. 

A. Truncus arteriosus, with one pair of aortic arches (</, «.'), and dotted lines indicating the future position of the second and 
third pairs of aortic arches. These are numbered 1 , 2, 3. h, Thoracic aorta. 

B. Truncus arteriosus with four pairs of aortic arches (", c'), and indications of the fifth aortic arch. The aortic arches are 
numbered 1, 2, 3, 4, 5. //, Thoracic aorta ; r, external carotid ; rf, internal carotid. 

C. Truncus arteriosus with three posterior pairs of aortic arches (*r, a') from which the permanent vessels of the embryo are 
developed, with dotted lines showing the position of the two (now) obliterated anterior arches (b, //). r, External carotid : d, in- 
ternal carotid ; e, thoracic aorta ;/,./, vertebral arteries ; [/, </, axillary arteries ; h, subclavian arteries. 
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PLATE XCII (continued) 

D. Permanent arterial trunks in their primitive form, the obliterated portions still shown in dotted lines. a, Aorta ; 
b y branches to the lungs ; c, pulmonary artery ; d, root of thoracic aorta ; e, internal and external (/) carotids ; </, ;/, axillary 
arteries ; h, h\ vertebral arteries ; t, common carotid artery (after Carpenter). 

Fig. 5. — Formation of cerebrospinal axis, a, Vesicle of the hemispheres ; b, vesicle of the tubercula quadrigemina ; c, vesicle 
of the medulla oblongata (after Dalton). 

Fig. 6. — Brain of human embryo at twelfth week. 

A. Seen from behind. 

B. Side view. 

C. Sectional view. The same letters apply to all the figures, a, Corpora quadrigemina ; b, b\ hemispheres ; d, cerebellum ; 
<?, medulla oblongata ; /, optic thalamus ; g, floor of third ventricle ; I, olfactory nerve (after Carpenter). 

The ovum, as stated, generally reaches the interior of the uterus about the eighth day. At the twelfth or 
fourteenth day it is a rounded, flattened sac, and measures from three to five millimetres. It is smooth unless at the 
equatorial zone, where short, unbranched villi appear. At the end of the second week the embryo is discernible, 
and measures about T V of an inch. The amnion and allantois also make their appearance at this period. It is 
not necessary to go into the structure of the several parts forming the embryo and foetus ; suffice it to say, that the 
amnion is a delicate but tough membranous envelope which invests the embryo and contains a fluid in which the 
embryo floats ; the umbilical vesicle being the precursor of the umbilical cord or navel string, and the allantois that 
of the bladder. The chorion (shaggy chorion) is the outer covering or membrane of the embryo, which in its early 
stage is covered with villi or hair-like processes which play an important part in nourishing the embryo. In the 
later stages of gestation the chorion only retains part of its villi ; but these are modified and differentiated, and contain 
a very large number of looped, capillary blood-vessels, which with cells, cellular and other tissue, form the foetal part 
of the placenta (Plate xcii., Fig. 1, I, page 396). As the looped capillary blood-vessels of the chorion when gesta- 
tion is well advanced interdigitate with the capillary blood-vessels in the mucous membrane of the uterus (maternal 
part of placenta), they play a leading role in nourishing and aerating the blood of the foetus (Plate xcv., Figs. 1 and 3, 
page 407). Of course the aeration of the blood of the foetus is primarily effected in the lungs of the mother. In 
like manner the nourishment of the foetus is primarily traceable to the operations of the stomach and alimentary 
canal of the mother. It is, however, through the thin, osmotic walls of the capillary blood-vessels of the foetal and 
maternal portions of the placenta that the actual interchange of aerated and specially enriched blood on the part 
of the mother, and of more or less impoverished, impure blood on the part of the foetus, takes place. The placenta 
at once acts as a lung and a stomach to the foetus. The changes which occur in it are vi to-mechanical and chemical 
in their nature. The blood of the foetus parts with carbonic acid and obtains oxygen ; a very necessary interchange, 
as foetal blood is, at best, a mixed, impure blood. The hearts of both mother and foetus are at work in carrying 
pure and impure blood to and from the placenta, and the delicate, thin walls of the innumerable capillary blood- 
vessels of the maternal and foetal portions of the placenta act as osmotic media for the constant interchange of fluids 
and gases alike. All these arrangements are in no way due to irritability of the parts concerned, or to extraneous 
stimulation of any kind. They are one and all natural and necessary processes, and take part according to original 
design in the great and pre-arranged scheme of reproduction. The vito-mechanical arrangements, and the compli- 
cated and extensive series of reactions, are all necessary to bring about the desired result, and nothing is left to chance. 

The placenta is the indirect means of communication between the mother and foetus, and it is through this 
temporary bond of union that both are influenced. The placenta is an indirect mode of communication, because 
the blood of the mother in its entirety does not pass to the foetus or that of the foetus to the mother ; the interchange 
being partial, and confined to the gases and finer fluid parts of the blood in either case. The interchange, as explained, 
is osmotic in its nature, there being no open vessels either in the maternal or foetal portions of the placenta. 

The impregnated human ovum very soon begins the work of differentiation. At the end of the second week 
it is about the size of a small pea ; the entire ovum measuring about £ of an inch, and the embryo T \ of an inch. 
The amnion, allantois, and first rudiments of the embryo appear. The chorion and its villi are also indicated. At 
the end of the third week the structures referred to are more developed, the embryo as a whole measuring J of an 
inch. At this period (third week) the shaggy chorion (chorion plus villi) is in evidence, and traces of the primary 
division of the brain, the cephalic visceral arches, the primitive ocular and auditory vesicles, the primary circu- 
lation and a straight alimentary canal with a pentagonal-shaped mouth can be traced. 

At the end of the fourth week the embryo with its coverings is about the size of a pigeon's egg ; the embryo 
itself m >f an inch in length. At this period (fourth week) the whole chorion is covered with villi, the 

umbil \f developed, and the body curved upon itself almost in a circle. The segmentation of the trunk 

is air isceral arches and by square-shaped proto- vertebrae ; the future spinal column terminating in 
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what is, practically, a curved tail. The superior and inferior extremities also appear as four buds : the eyes as two 
black dots. 

At the end of the fifth week the body is less curved and the head more erect ; the limbs showing signs of 
differentiation into arm, forearm, and hand in the case of the superior extremity, and into thigh, leg, and foot in 
the case of the inferior extremity. 

Between the fifth and sixth week the embryo measures about 15 millimetres in length, and is contained in a 
chorionic vesicle about 40 millimetres in diameter. At this period the allantois becomes vascular throughout. 

At six weeks the embryo measures about 19 millimetres in length, the rudiments of eyelids are seen, and the 
concha of the ear is indicated. The umbilical vesicle ceases to be active, and the fingers and toes are separated. The 
embryo, having assumed a more or less distinct human form, is now called a foetus. 

At the end of eight weeks (second month) the foetus measures 25 millimetres in length (1 inch) ; the tail 
beginning to disappear. At nine weeks or so (beginning of third month) the foetus and its coverings are nearly the 
size of a hen's egg, the foetus measuring from 25 to 30 millimetres (1 to 1 J inch) : the umbilical cord has lengthened 
considerably, but as yet its blood-vessel* are not twisted round each other. The arm, forearm, and hand, and the 
thigh, leg, and foot are distinctly mapped out ; the tail has also disappeared. 

At ten weeks (two and a half months) the foetus measures 32 millimetres and traces of sex appear ; the genital 
tubercle projecting about 1*5 millimetres, and having a knob-like extremity — the future glans penis or clitoris. On 
the under surface of the tubercle the genital groove bounded by the genital folds (the nymphse in the female) 
appears. The genital tubercle has on either side fleshy ridges which in the female form the labia majora and in the 
male the scrotum. 

At seventy-five days, or about eleven weeks, the foetus measures 55 millimetres ; the eyelids are fairly well formed 
and the nails and ribs begin to show themselves. 

At eighty-four days (towards the end of third month) the foetus measures from 75 to 80 millimetres, or about 
3 inches in length. The foetal portion of the placenta is now formed, the chorion having shed more than half its 
villi : the remaining villi dividing and displaying looped capillary blood-vessels. The umbilical cord is also con- 
siderably elongated and twisted, the umbilical vein and the two umbilical arteries twining round each other. The 
umbilical vesicle and allantois have also disappeared. 

At three and a half months the foetus measures 4£ inches ; the placenta and umbilical cord continuing to 
develop. 

Towards the end of the fourth month the foetus measures about 125 millimetres or 5 inches ; the placenta has 
increased in size and thickness, and the umbilical cord, which now measures 3 inches in length, has been thickened 
by the addition of Wharton's Jelly. 

The chorion and amnion have united, the eyes, ears, nose, and mouth have assumed their proper shape, and 
the sex can be readily determined. 

At four and a half months the foetus measures 6 inches or thereby. The skin has assumed a rosy hue, and hair 
appears on the scalp and elsewhere. 

Towards the end of the fifth month the foetus measures about 8 inches, and weighs a pound or thereabouts. 
The placenta and umbilical cord are well developed and the foetal circulation is established. 

The limbs are shapely, the nails fairly well formed, and the movements of the foetus distinct. 

At the end of the sixth month the foetus measures about 12 inches and weighs about a pound and a half. The 
skin is loose and wrinkled, eyebrows and eyelashes can be detected, and the nails begin to project over the 
extremities of the fingers and toes. 

It is not necessary to follow the development of the foetus further. Enough has been said to show that by a 
series of successive developments, the child in vtero becomes more and more perfect ; the developments being trace- 
able to continued growth and differentiation in particular directions ; each differentiation plainly carrying out a 
part of a pre-conceived plan or design. There is also suppression of growing parts. 

The only thing that remains in this connection is the segmented character of the foetus, and the placental and 
foetal circulation (Plate xcii., Fig. 3, page 396 ; Plate xciii., Figs. 7 and 9, page 403 ; Plate xciv., Figs. 1 and 3, 
page 404 ; Plate xcv., Figs. 1, 2, 3, 5, and 6, page 407). 

It is a common belief that the human foetus during gestation passes through the several changes and stages 
which characterise the adult fish, amphibian, reptile, and bird, to say nothing of all animals lower in the scale of 
being, even to the protiston, which consists of an amorphous speck of protoplasm. Some go further and assert 
that the kaleidoscopic changes referred to afford crowning proof of the truth of the doctrine of evolution. I am 
not of this way of thinking. The doctrine, though d priori plausible, is not, in my opinion, tenable. There is nothing 
known to me in geology, botany, zoology, or physiology which seriously supports it. There are, for example, gaps 
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and missing links in the geological record which cannot be bridged over or satisfactorily accounted for ; plants and 
animals are persistent to a practically unlimited extent : species, if produced by natural selection and modification, 
should never reach a point where further modification is impossible ; plants and animals, if cultivated and then 
left to themselves, invariably breed back to their originals ; they deteriorate as well as advance ; sterility follows 
attempts at interbreeding plants and animals in the absence of affinities, and where they do not belong to the same 
root stock. All the peculiarities attributed to evolution can, it appears to me, be more readily and satisfactorily 
explained by the existence of progressive, that is, gradually ascending types ; each type having prescribed limits. 
Evolution, strictly speaking, can only apply to development and advance within types. It does not date back 
to, or account for, the beginnings of life. 1 Similar remarks are to be made of heredity. This extends only to 
types and centres of departure, and has a limited range. It is not a continuous advance from the lowest to the 
highest in either plant or animal. Reproduction, development, and heredity are parts of the same problem, and what 
is true of the one is true of the other. To be convinced of this, it is only necessary to bear in mind that in the 
inorganic, as well as in the organic kingdom, each substance plays a distinct role, its relations and combinations 
being conditioned and pre -determined. The elements are separate and distinct ; fusion and union being possible 
only up to a certain point. So in plants and animals. All plants and animals are not originally formed out of 
exactly the same materials. Even protoplasm (the so-called physical basis of life), which is almost universally 
regarded as a simple homogeneous substance, identical in all its parts and particles, is composed of oxygen, hydrogen, 
nitrogen, and carbon (four elements), and to these, in many cases, are to be added varying proportions of sulphur 
and other elements in small but appreciable quantities. The cells, moreover, which according to the Germans 
produce protoplasm, in some instances contain glycogen, in others cholesterin, in others protagon, and in others 
myosin. There is a protoplasm for the several kinds of plants and animals, each producing its own kind ; there 
is even a protoplasm for each of the tissues, nerve, brain, bone, and muscle. Some protoplasm produces fat, some 
pepsine, and some pigment. As Strieker explains, protoplasm may be fluid, semi-fluid, or firm and resisting. It 
also varies greatly in shape, being at times club-shaped, bottle-shaped, spindle-shaped, branched, prismatic, and 
polyhedral. Protoplasm, it will be observed, is not the simple substance it is claimed to be. If, however, it is 
compound (and this must be admitted), the argument in favour of evolution in the wider sense disappears. That 
doctrine, as is well known, refers the origin of all plants and animals to protoplasm as seen in the protiston, amoeba, 
and other low rudimentary forms. Some, as stated, even assert that plants and animals are evolved from dead 
matter (spontaneous generation). . If, as explained, protoplasm is not a simple homogeneous substance, then it 
follows that plants and animals have not a simple but a complex origin, and the differentiations which characterise 
them, even up to man, are original endowments ; a state of matters which naturally results in types ; the types 
being conditioned, with boundaries in time and space. 

In the inorganic and organic kingdoms there is, as has been pointed out, a tendency on the part of the sub- 
stances composing them to split up longitudinally and transversely, to radiate, to arrange themselves in concentric 
lines, and to assume spiral and other shapes. These arrangements give rise to typical leading forms which are 
persistent and permanent. Thus in igneous rocks longitudinal and transverse cleavages are seen (Plate xl., Figs. 1 
and 2 ; see also Figs. 3, 4, 6, 8, and 9, page 63) ; in certain crystals radiating and concentric arrangements are met 
with (Plate i., page 3) ; in other cases dendritic or branching arrangements occur (Plate ii., page 5 ; Plate xxxiv., 
and xxxv., pages 54 and 55) ; while in others curved and spiral arrangements are encountered (Plates x. and xi., 
pages 24 and 25 ; Plates xiii. and xiv., pages 28 and 29 ; Plates xviii. and xix., pages 34 and 35). Different kinds 
of matter under particular conditions assume certain forms, but there is a limit to the forms, and everything 
bespeaks design, law, and order. 

The histories of plants and animals, and especially their reproduction, favour this view. The more rudi- 
mentary plants and animals, as has been already fully explained, reproduce themselves by simple division of their 
substance as apart from sexual organs. They are equal to the performance of every function of life, and are 
potential living entities from the first. When sexual organs make their appearance the male and female elements 
frequently occur in the same individual. In other cases they occur in different individuals ; a great variety of 
co-ordinated movements being required to bring the sexual elements (always molecular and cellular in character) 
into contact. Fructification and development proceed on given lines ; the offspring in every case closely resembling 
the parent or parents. It is not a case of plants and animals proceeding from those immediately below them by 
unbroken continuity of substance, but of plants and animals created on higher levels according to a common plan ; 
the plants and animals being conditioned and forming types with more or less well-defined boundaries, the possible 
variations being limited. 

1 Extreme evolutionists, who Wlieve in spontaneous generation, regard the organic kingdom as the product of the inorganic kingdom, as 
apart from a Creator, Designer, and First Cause. 
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It is quite true that the more simple plants and animals appeared on the earth before the more complex ones, 
and that the more complicated structures and organs in both have comparatively simple beginnings. This fact, 
however, does not prove the doctrine of evolution. If it proves anything it proves that design, law, and order 
prevail in the universe ; that like laws obtain in the inorganic and organic kingdoms ; that the simpler forms and 
combinations lend themselves to the construction of the more complex forms in an ascending series ; and that there 
is continuity of plan in the great races of plants and animals. 

Every one conversant with the subject will readily admit that traces of the more simple plants and animals 
constantly reappear in the higher plants and animals, and this holds true of the several systems and of the organs 
comprising them. To take an example. The plant breathes by the stomata of its leaves as an animal breathes 
by its lungs ; the plant circulates its nutritious juices pretty much as an animal circulates its blood ; the spores of 
certain plants move freely about like many animals ; and certain animals (sponges, for example), are fixed, as happens 
in the majority of plants. In all these cases there is a common plan and common arrangements. There is, how- 
ever, no proof that the animal is derived from the plant, or that community of structure and function in the plant 
and animal are due to original identity. In like manner the more complex plants and animals, during their develop- 
ment, pass through stages met with in the adult condition of the more simple. In this case, there is community 
of plan, and also continuity of substance and function, as is well seen in the development of the human embryo 
and foetus ; which, as stated, have been likened at one time to a fish, at another to an amphibian, at a third to a 
reptile, and at a fourth to a bird. The conditions of life in utero necessitate these resemblances. The foetus cannot 
breathe air by its lungs or digest food by its alimentary canal. Special provisions have to be made, and these 
provisions furnish eloquent testimony of design, as they show that the end was seen from the beginning ; the uterine 
changes being necessary when the completed animal is taken into account. 

The development of the mammal bespeaks a general plan or scheme of a progressive character according to 
types ; the higher types including the lower, with which they are in harmony from the beginning. The fact that 
the mammal during its development gradually dispenses with the arrangements peculiar to the fish, amphibian, 
reptile, and bird, and advances to something higher, shows that while it has certain things in common with the 
lower types, it has also other things which they do not individually, or in the aggregate, possess, and which distin- 
guish it from everything lower in the scale of being. According to this view, the organic kingdom consists of a 
number of types arranged in an ascending series, each having a limited range ; the lower approaching towards but 
not actually merging into the higher, which, as indicated, has peculiarities of its own not found in any of the lower 
types. This explains the cropping up of vestiges, remnants, or rudiments of lower types in higher types in 
combination with excellences not found in the lower types, and to which they can never attain. 

It is generally maintained that the so-called vestiges, remnants, or rudiments afford proofs of a common origin 
and of evolution from a pristine stock of undifferentiated protoplasm. It is further averred that the remnants 
deteriorate from inactivity and disuse, as they are not required in the higher animals. The facts, carefully considered, 
point rather to the conclusion that all plants and animals are formed on a general plan which repeats itself ; that 
the simpler types precede the more complex ; that portions of the simpler types reappear in the higher, and that 
the structures in both the lower and higher types are largely due to a repetition of parts by division, by budding, 
by branching, by infolding, by outfolding, by invagination, by evagination, by doubling, by crumpling, &c. It is 
quite true that if a part is not exercised, or ceases to be used, it deteriorates and tends to disappear ; but the presence 
of vestiges, or so-called rudiments, is not fully explained either by evolution, heredity, or disuse. To take examples. 
The blood-vessels connected with the heart in the mammalian foetus are simple and symmetrical, and resemble in 
their general arrangement that which obtains in the gills of the fish ; in other words they consist of five symmetrical 
sets of loops or arches on either side ; each set being capable of carrying blood. A time, however, arrives when 
the vessels, especially on one side, largely disappear, not, be it noted, from disuse, but because of the exigencies 
of design. What was symmetrical becomes unsymmetrical, and we have, as a consequence, the twisted aorta and 
pulmonary artery with their respective ramifications. Here we have a case of suppression of parts and change of 
form, not because of disuse, but because of general plan. The appendix vermiformis, another vestige, represents 
a considerable cul-de-sac in the intestine of certain of the lower animals, and is functionally active. In man, it 
is relatively a very small, narrow cul-de-sac with next to no function. Here again there is dwarfing not because of 
disuse but because of general plan. If it had been a mere case of dwindling and deterioration occasioned by disuse, 
the structure would long ago have entirely disappeared. No change, however, has occurred in it for thousands of 
years ; a circumstance which goes far to prove the existence and persistence of type, as apart from evolution. 
Similar remarks may be made of the presence of hair on the human skin. This is largely confined to particular 
regions, and is scanty as compared with that found in the integuments of the lower animals. The persistence of hair 
in diminished quantity and in particular localities in man is, however, no proof either of unbroken descent or 
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disuse. It merely bespeaks repetition, type, general plan, and the persistence which general plan necessitates. The 
appearance and partial or complete disappearance by absorption or otherwise of developing foetal structures afford 
additional proof in the same direction. 

S 81. Transition Links in Relation to Types. 

The lancelet (Amphioxus laneeolatus) (Plate xciv., Fig. 1, page 404) affords an example of a low type which 
foreshadows all the higher vertebrates. This anomalous rudimentary creature is fish-like in its general appearance, 
possessed of fins, has a rudimentary nervous system, a tiny brain, a notochord or incipient spinal column, blood- 
vessels but no heart, an alimentary canal, and a well-defined, symmetrical muscular system. Notwithstanding all 
this it is a degraded type, and displays little intelligence and little activity. The following is the account given of 
it and other low fish forms by Dr. Giinther : " The lancelet seems to be almost cosmopolitan within the temperate 
and tropical zones. It inhabits shallow, sandy parts of the coast, and rarely exceeds three inches in length. It 
belongs to the lowest sub-class of fishes, comprises one form only, and possesses a skeleton of the most primitive 
type. The vertebral column is represented by a simple chorda dorsalis or notochord only, which extends from one 
extremity of the fish to the other, and, so far from being expanded into a cranial cavity, it is pointed at its anterior 
end as well as at its posterior. There is no trace of vertebral segments or ribs." * 

Dr. Giinther describes other transitionary types, which may be mentioned in this connection from their 
obvious bearing on development. " The skeleton of the Cyclostomata (lampreys and sea-hags) shows a consider- 
able advance of development. It consists of a notochord, the anterior pointed end of which is wedged into the 
base of a cranial capsule, partly membranous, partly cartilaginous. This skull, therefore, is not movable upon 
the spinal column. No vertebral segmentation can be observed in the notochord, but neural arches are represented 
by a series of cartilages on each side of the spinal cord. . . . The Chondropterygians exhibit a most extraordinary 
diversity in the development of their vertebral column ; almost every degree of ossification, from a notochord 
without a trace of annular structure to a series of completely ossified vertebrae, being found in this order. Sharks, 
in which the notochord is persistent, are the Holocephali (if they be reckoned to this order, and the genera Notidanus 
and Echinorhinus). Among the first, Chinuera monstrosa begins to show traces of segmentation ; but they are 
limited to the outer sheath of the notochord, in which slender sub-ossified rings appear. In Notidanus, membranous 
septa with a central vacuity cross the substance of the gelatinous notochord. In the other sharks the segmentation 
is complete, each vertebra having a deep conical excavation in front and behind, with a central canal through 
which the notochord is continued ; but the degree in which the primitive cartilage is replaced by concentric or 
radiating lamellae of bone varies greatly in the various genera, and according to the age of the individuals. In 
the rays all the vertebrae are completely ossified, and the anterior ones confluent into one continuous mass." 2 

The rudimentary types referred to above form the natural connecting links in the great vertebrate series, and 
as such are entitled to great consideration. They, moreover, illustrate successive stages in the development of 
mammals in ittero, which is the subject at present under discussion. In the early human embryo the vertebral 
column is formed round a simple rod-like structure, the primitive skeletal axis or notochord, which in the majority 
of vertebrate animals disappears more or less completely during development. 

The differentiations in the young or growing frog provide some of the best-known examples of transitional or 
growing structures (Plate xciii., Figs. 2 and 3, page 403). These are at once striking, interesting, and instructive. 
The changes which occur in the development of the frog are spontaneous in their nature, and, in no sense, due to 
irritation, extraneous stimulation, or environment. They are means to ends ; the object being to convert a fish-like, 
water-breathing animal into a land animal with four limbs, which breathes air. The exigencies of the land 
and water respectively demand the striking structural differences which characterise the tadpole and the frog. 
But (and this is the important point) the differences are inaugurated and carried out in anticipation of the change 
from the water to the land : they are not caused by the water and land, the so-called environments. What holds 
true of the frog holds true of all animals constructed to walk, run, or leap on the land, to swim and dive in the 
water, and to fly in the air. In all these cases, the organs of locomotion are specially formed in advance, and in 
anticipation of the special function to be performed. There is no getting away from these facts. The obvious 
conclusion is, that special external conditions are duly provided for according to a pre-arranged plan, nothing being 

1 Dr. Masterman gives a somewhat similar description : ''The lancelet is a very small marine organism from one inch to an inch and a half in 
length. It is of an elongated, fish-like shape, flattened laterally, the l>ody lwing piano-symmetric. It is of a milky-white, semi-transparent 
appearance, and a uuiiiImt of the organs may be seen through the skin in the living animal. There are no definite external divisions of the Ixxiy. 
The muscular system is well developed, then* is no heart, but the bases of the afferent branchial vessels are contractile. The nervous system lies 
immediately dorsal to the notochord, and consists of a long tul>e, the front ]>ortion of which forms a small brain and the rest the qrinal cord." 

1 " An Introduction to tin- Studv of Fishes," bv Albert C. L. (J. Giinther. M.A., M.D., F.R.S., 1880. 
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left to chance or even to the individual effort of any particular organism either during its developmental or adult 
condition. In the case of the frog the embryo begins its career as a fish does. It has a ventral bag of pabulum 
(vitellus), no alimentary canal or mouth, no tail, and no gills (branchiae). As development proceeds the bag of 
pabulum disappears and a mouth and alimentary canal are formed, a swimming tail, and gills or water-breathing 
outside lungs make their appearance. Further on, the tail shrinks and falls off, and four rudimentary limbs are 
provided instead. The gills or outside lungs adapted for water-breathing also give place to inside or true lungs 
adapted for air-breathing. These changes, be it remarked, are not due either to the disuse or the inadequacy of the 
tail and gills, but only to the exigencies of design and final purpose. They are means to ends, and the means are 
employed to secure the ends in anticipation, and according to pre-arrangement. In the menobranchus (a fish-like 
animal) the gills are persistent, and so are the limbs (Plate xciii., Fig. 4, page 403). 

PLATE XCIII 
Plate xciii. illustrates development and peculiarities in the fish, frog, menobranchus, and other animals. 

Fig. 1.— Egg of fish. 

A. Egg offish, showing formation of umbilical vesicle. 

B. Young fish with umbilical vesicle. 

C. Human embryo, with umbilical vesicle (about the fifth week). 

Fig. 2. — Shows the development of the frog. 

A. Diagram of frog's egg, in an early stage of development, as seen in longitudinal section, a, Thickened portion of external 
blastodermic layer, forming body of f<ptus ; b, anterior extremity of fcjetus ; r, posterior extremity ; rf, internal layer of blastodermic 
membrane ; e, cavity of vitellus. 

B. Egg of frog, in process of development ; tail appearing. 

C. Egg of frog, further advanced ; eye appearing, tail increasing in size. 

D. Tadpole fully developed ; eye more advanced, and mouth and alimentary canal formed. 

Fig. 3. — Shows tadpole developing limbs and adult frog. In the first figure the tail is diminished in volume, and rudimentary 
limbs are appearing. The gills or branchife are also in a transition stage ; in other words they are changing from outside water- 
breathing lungs to inside air-breathing ones. In the second figure the frog is fully developed. It has lost its tail and is provided 
with four powerful limbs and true air-breathing lungs. 

Fig. 4. — Head and gills of Menobranthii*. In this curious creature the outside branchise or water-breathing lungs and the 
limbs are persistent. 

Fig. 5. — Gills of a ganoid fish (Ceratodus). Affords a good example of the outside or water-breathing lung. a f Arcus aortee ; 
b, gills containing rows of capillary blood-vessels ; c, pseudo-branchia ; d, d' t two series of gill-rakers belonging to the peeudo- 
branchia ; e, ceratohyal ; /, glossohyal (after Giinther). 

Fig. 6. — Diagram of the larva of a calcareous sponge in its gastrula phase. The larva at this stage consists of a simple pouch 
or stomach with a mouth (a). The walls of the stomach are formed of two layers of cells, an internal and an external ; the external 
cells being elongated and furnished with filaments (cilia), which serve as organs of locomotion. These two layers of cells have been 
likened to the internal and external layers of the blastodermic membranes in the higher animals (after Haeckel). 

Fig. 7. — Ascidian. 

A. Early tailed larva. 

B. Tailed larva, seen on the right side (altered from Seeliger). 

C. Transverse section through the tail of an ascidian larva (after Seeliger). 

A. (i, Brain ; b, neural tube ; c, notochord ; d, mesenteron. 

B. a, Brain, with eye and ear ; b, nerve cord; <*, notochord ; d, atriopore ; e } intestine ; /, remains of caudal intestine ; y 9 neuro- 
pore ; A, papilla ; *', laryngeal clefts ; k, endostyle in wall of pharynx ; ;, heart. 

C. a, Median fin ; b, nerve tube ; c, notochord ; d, muscle ; e, caudal hypoblast. The parts here enumerated foreshadow 
advancing types ; a vertebral column, nervous system, alimentary canal, vascular system, and sense organs being all indicated. 
The ascidian is to be regarded as intermediate between the molluscoid invertebrates and the vertebrata. 

Fig. 8. — a, h, r, d, Polar capsules of My.roboln* ellipsoid** (after Balbiani). Illustrates spiral, vibratile swimming arrangements 
in rudimentary structures. 

Fig. 9. — Shows a series of embryos exhibiting similarity of structure and development in their primary and secondary stages. 
The upper row shows the gill arches and the absence of limbs ; the lower row shows the partial disappearance of the gill arches and 
the budding of the limbs. 

A. Gill arches and rudimentary limbs in tortoise. 

B. Gill arches and rudimentary limbs in fowl. 

C. Gill arches and rudimentary limbs in echidna. 

D. Gill arches and rudimentary limbs in koala or Australian hear. 

E. Gill arches and rudimentary limbs in rabbit. 

F. Gill arches and rudimentary limbs in pig. 

G. Gill arches and rudimentary limbs in deer. 
H. Gill arches and rudimentary limbs in cat. 

I. Gill arches and rudimentary limbs in monkey. 

J. Gill arches and rudimentary limbs in man (after Haeckel). 

Note. — The figures A to J of Fig. 9, representing stages of development in various animals, and consisting as they do of mere 
repetitions of parts, indicate a general plan or type. They afford no proof of evolution, or the production of the higher animal 
forms from the lower ones. The upper and lower rows of figures, taken separately, show repetition as apart from advance. 
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PLATE XCIV 

Plate xciv. illustrates the anatomy of the amphioxus, once supposed to form a connecting link between the soft- 
bodied animals and the vertebrates ; also the development of the eye, and the comparative anatomy of the brain. 



myomere muscles; <l, metapleural fold; t, utriopore ; 



A. Lateral view of Amfikioriu hinrtolatut. a, Oral cirri; h, dorsal fir 
/, anal fin ; <r, tail. 

B. View of amphioxus from right side, «, Brain; h, spinal cord ; •; buccal cavity; •!, dorsal fin (skeleton) ; <•, dorsal aorta ; 
/, uotochord ; ;;, dorsal fin ; k, caudal (in ; i, oral cirri ; j, metapleural fold ; k, branchial artery ; I, contractile bulh ; in, branchial 
artery ; n, liver ; o, portal vein ; p, gonad ; 7, atriopore ; r, intestine ; n, anal tin ; (, anus. 

C. i». Nerve cord ; '', notochord ; r, peri-visceral cculom ; d, gonad ; e, ventral muscles ; /, metapleural cavity ; g, endoatylc ; 
A, ventral blood-vessel ; 1, dorsal fin skeleton ; j, myomeric muscle ; 1, nepbridium ; I, liver; in, pharynx leading into arterial cavity 
through clefts ; it, metapleural fold. 

D. (i, Right head cavity ; h, left head cavity ; r, collar sac ; d, peri -visceral raelom ; r, myotomes. 

E. Median section of brain of amphioxus. it, Cerebral vesicle ; A, infundibulum ; r, pigment spot ; il, unpaired olfactory lobe ; 
e, ganglion cells ; /, neural tube (after Masterman). 

Flu. 2. — Longitudinal section of the eye of embryo of fowl. 

A From an embryo at about the sixty-fifth hour of incubation. 

B. From an embryo a few hours older. 

C. From an embryo at the fourth day of incubation. The same letters apply to the same parts. », Corneal lamina; '>, lens in 
Fig. A, still connected with the corneal lamina and possessing a small cavity (<■) in its interior ; d, posterior part of optic vesicle ; 
e, folded portion of optic vesicle. 

In Figs. B and C the lens (.</) is detached but still hollow ; e, introverted portion of the primitive optic vesicle, subsequently 
becoming the retina; d, posterior part of the optic vesicle, which, according to Remak, probably becomes the choroid coat, ciliary 
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PLATE XCIV (continued) 

processes, and iris, and in Figs. A and B is still connected with the brain by the hollow optic nerve ; /, thickening of the corneal 
lamina around the spot from which the lens (#) has detached itself ; h, vitreous body (after Carpenter). 

Fig. 3. — Brains of various kinds. 

A. Brain of cod. a, Olfactory lobes ; b, cerebral hemispheres ; r, middle brain giving rise to the optic nerves ; d, cerebellum ; 
e, spinal cord. 

B. Brain of shark, lettering as in A (after Dallas). 

C. Brain of alligator, a, Olfactory ganglia ; b, cerebral hemispheres ; r, optic tubercles ; (/, cerebellum ; e, medulla oblongata. 

D. Brain of rabbit, a, Olfactory ganglia ; b, cerebral hemispheres, separated to show corpora striata (r), optic thalami (a), and 
tubercula quadrigemina (e) ; /, cerebellum ; </, spinal cord (after Dal ton). The comparative anatomy of the brain illustrates the 
repetition of parts with certain additions ; the several parts consisting of expansions of the spinal cord. 

§ 82. Changes in, and Peculiarities of, the Human Foetus. 

That the foetus during development assumes a great variety of forms every one conversant with the subject 
will readily admit. The several forms, however, only indicate general plan and advance of type. They do not 
countenance the belief that the higher plants and animals are actually manufactured from the lower ones by a 
process of evolution extending over long periods. What the anatomist and physiologist have to deal with is the 
completed product. It is not for them to show that the completed product has many things in common with the 
lower plants and animals, but that it possesses properties and attributes which are only found in itself, and which 
distinpiish it from every other living thing. 

A general plan for the formation of plants and animals, an upward trend, and types are conceded. What is 
denied, is unbroken continuity of substance, and the actual production of higher plants and animals out of lower 
plants and animals by endless modifications in endless time. The two things are essentially different. In the 
one case, there are differentiation and advance according to a plan and on common lines to a finish, and to a high 
standard ; in the other, there are differentiation and advance also according to a plan and on common lines, but 
both the differentiation and advance are partial : in other words, the higher plants and animals go all the way — the 
lower ones only part of the way, and that the least difficult part. It matters not by what route the final goal is 
reached ; suffice it to say, that only the highest forms can, by any possibility, attain it. It is the amount of differen- 
tiation which distinguishes the higher from the lower forms, and it avails nothing to say that man during his 
foetal existence presents features found in animals below him in the scale of being. The question really at issue 
is, not what man has in common with the lower animal, but, what he has which they have not. The principle which 
underlies mechanics is the same in all machinery, but a distinction is to be drawn between the simple and complex 
machine. 

I have no desire to minimise or underrate the resemblances in the several grades of plants and animals, but 
I must insist on the differences. I therefore feel it my duty to refer to the former so far as they concern man. 

During the early stages of human gestation, when the blastodermic and other membranes and parts are being 
formed, it would be difficult to distinguish the human embryo from that of a fish, a reptile, or a bird. Then at a 
later stage the human embryo and foetus display segmentation and a symmetrical repetition of parts jnet within 
the articulata 1 and in the lower vertebrates. The segmentation in question appears in the visceral arches and in 
the square-shaped proto-vertebrse (future spinal column). The human foetus also displays a short, rudimentary 
tail, which is persistent in the majority of quadrupeds. Its limbs appear as buds, and some children are born 
without limbs ; a condition which prevails in fishes and many reptiles. The arrangement of its blood-vessels and 
circulation is, moreover, peculiar. The distribution of the great vessels connected with the heart resembles that 
found in the fish, amphioxus, &c. The vessels in question are arranged in five symmetrical pairs in the region 
between the thorax and head ; certain of the symmetrical vessels ultimately disappear, and are replaced by a 
non-symmetrical set, consisting of the aorta and pulmonary artery and their branches (Plate xcii., Fig. 4, 
A, B, C, D, page 396). 

The foetal circulation is further a mixed circulation, that is, the blood circulated is partly arterial and partly 
venous ; a condition which obtains in fishes and reptiles. 

The mixed circulation is due to the imperfect formation of the foetal heart ; the right and left auricles, which 
contain more or less perfect venous and arterial blood, communicating with each other by means of the Eustachian 
valve, with the result that the blood forced by the auricles into the left or systemic ventricles is partly venous 
and partly arterial. The blood is further mixed, in a minor degree, by means of the pervious ductus arteriosus. 
The circulation in the foetus and in the placenta, and other points connected with the development of the blood-vessels, 
heart, &c., are illustrated at Plate xcv., page 407. 

1 This sub-kingdom of Cuvier ha** been divided into Arthropoda (Insects, Myriojioda, Malacopoda, Arachnida, Pycnogonida, Crustacea) 
and Anarthropoda, including the Annulata and allied forms. 
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PLATE XCV 

Plate xcv. illustrates the foetal and placental circulations ; also the development of the blood-vessels and heart. 

Fig. 1. — Circulation in the human foetus (semi-diagrammatic). In this figure the darts show the direction in which the blood 
flows. The quality of the blood is indicated by the colours of the blood-vessels. Thus the white blood-vessels contain arterial 
blood, the black vessels venous blood, and the shaded vessels mixed blood, n, External surface of placenta ; b, internal surface of 
placenta ; r, circulation in the head (mixed and venous blood) ; d, circulation in the arm (mixed and venous blood) ; e, circulation 
in the leg (mixed and venous blood) ; /, venous circulation in the intestine ; ir, venous circulation in stomach and spleen ; g, g, y, um- 
bilical vein containing arterial blood from the placenta to the liver (n) and ascending cava (o) ; /<, h, h, umbilical arteries conveying 
mixed blood from the hypogastric arteries (j) and body of foetus to placenta (a, b) ; i, continuation of umbilical vein (arterial blood) ; 
k, ductus venosus (arterial blood) ; /, vena porta?, containing venous mood from intestine (/), stomach (w), and spleen ; m, descending 
aorta, dividing (s) into the common iliac arteries and containing mixed blood ; o, ascending cava, containing venous blood at lower 
part and mixed blood at upper part ; *, ascending cava discharging its mixed blood through the right auricle and Eustachian valve 
into the left auricle, from which it finds its way into the left ventricle (r) and thence into the ascending, transverse, and descending 
portions of the aorta, from which it is distributed to the head and neck (<•), the arms (d), legs (<?), body and viscera (/, tr) ; y, descending 
cava discharging its venous blood into the right auricle and right ventricle (z). From the latter it finds its way into the right and 
left lungs, which as yet are rudimentary and take no part in aerating the blood ; this function being vicariously performed by the 
maternal portion of the placenta. The blood from the lungs (n) is discharged into the left auricle. 

In this figure the blood-vessels (the placenta excepted) terminate in loops formed by the continuation of the arteries with the 
veins. The capillary blood-vessels are omitted for the sake of simplicity. Drawn by C. Berjeau for the Author. 

Fig. 2. — Human umbilical cord composed of one vein (a), and two arteries (/>), intertwining to form a symmetrical left-handed 
spiral. Resembles spiral water-spout (Fig. 5), and the twining stems of the hop (Plate x., Fig. 2, A). Two spirals at least are 
necessary to produce symmetry, structures composed of one spiral being incomplete or lop-sided. Drawn from injected specimen 
in the possession of the Author by C. Berjeau. 

Fig. 3. — Diagram showing the course of the circulation in the human foetus (vide arrows). tj\ r, Umbilical vein, conveying 
arterial blood from the placenta ; h', umbilical arteries, conveying venous blood to the placenta ; k, ductus venosus ; /, vena portie ; 
o, vena cava, inferior ; y, vena cava, superior ; s, Eustachian valve and right auricle ; </, right ventricle ; v, ductus arteriosus, uniting 
aorta (m) and pulmonary artery ; t, left auricle ; r, left ventricle ; m, descending aorta ; x t common iliac artery, dividing into external 
and internal iliac arteries ; ;', hypogastric arteries, continuous with umbilical arteries (/T). 

Diagram illustrating the relation existing between the maternal (m) and foetal (n) portions of the placenta (human). The 
maternal and ftetal surfaces are represented as separated from each other by a certain interval (m, n) to avoid confusion. They are 
slightly uneven from the projection into them of the maternal and foetal capillary vessels. During pregnancy the two surfaces 
accommodate themselves so as to dovetail and fit accurately into each other. In the diagram the vessels represented by solid lines 
contain arterial blood ; those represented by dotted lines venoux blood, m, Mucous lining of uterus, with nucleated cells on its 
surface ; b, sub-epithelial, spheroidal, and fusiform corpuscles, embedded in connective tissue ; c, d, utricular glands lined with 
epithelium, and opening on mucous surface of uterus. They pour utricular secretion into utricular space (m, n). This space is 
mapped off, on the one band, by the villi and coverings of the maternal portion of the placenta ; and on the other, by the villi and 
coverings of the foetal portion of the placenta. The utricular secretion is necessary to a free osmosis between the maternal and 
foetal vessels, u, Limiting membrane of foetal portion of placenta covered with nucleated cells ; a, sub-epithelial, spheroidal, and 
fusiform corpuscles embedded in connective tissue ; t, i, amnion ; <j, umbilical vein, conveying arterial blood to foetus ; h, umbilical 
arteries, conveying venous blood from foetus. The umbilical arteries and vein break up to form the villi of the foetal portion of 
the placenta ; these being directed towards similar villi (?, /), constituting the maternal portion. The maternal and foetal villi are 
separated from each other by the utricular space (m, n) containing utricular secretion, by two layers of cells, by two membranes, 
and by a certain proportion of connective tissue, spheroidal, fusiform, and other corpuscles (a, b). Goodsir regarded the placental 
villus as consisting of a maternal and foetal portion ; the maternal portion being composed of a membrane and nucleated cells, and 
corresponding to m of diagram ; the foetal portion being composed of a membrane and nucleated cells, and corresponding to n of 
diagram. Between the maternal and foetal portions (as he termed them) of a placental villus, he represents a space which 
corresponds to the space between m and n of diagram. This space he regarded as the cavity of a secreting follicle. Goodsir 
has, it appears to me, appropriated the lining membrane of the maternal portion of the placenta (m of diagram) and added it to the 
limiting or lining membrane of the foetal portion (n of diagram). Described and drawn by the Author from specimens in 1872. 

Fig. 4. — Gravid human uterus about the end of the seventh month, a, a, Foetal portion of placenta ; b y umbilical cord ; r, body 
of foetus (after Dalton). 

Fig. 5. — Shows the early and adult condition of the arterial system in the mammal. 

A. Early state of the arterial system, showing the heart (a), with its two ascending trunks, giving oft" on each side five cervical 
arteries which terminate in the vertebral arteries (b, It"). The vertebral arteries unite below the heart to form the aorta (r). 

B. Adult state of the arterial system. a t r/, Carotid arteries ; h 9 //, vertebral arteries ; /•, r, right and left subclavian arteries ; 
d, d', right and left superior intercostal arteries ; e, left aortic arch which remains permanent ; /, right aortic arch which disappears 
(after Dalton). 

Fig. 6. — Shows spiral development of human heart. 

A. Earliest form of foetal heart, a, Venous extremity ; b y arterial extremity. 

B. Foetal heart twisted upon itself, a, Venous extremity ; 6, arterial extremity. 

C. Foetal heart divided into right and left cavities, a, Venous extremity ; b, arterial extremity ; r, r' f pulmonary branches. 

D. Foetal heart still further developed, a, Aorta ; b t pulmonary artery ; v. 9 c', pulmonary branches ; d, ductus arteriosus. 

E. Heart of infant, showing disappearance of arterial duct after birth, a, Aorta ; />, pulmonary artery ; r, c' f pulmonary 
branches ; d, ductus arteriosus becoming obliterated (after Dalton). 

Fig. 7. — Shows human foetal and adult hearts. 

A. Heart of foetus at the end of the sixth month, a, Inferior vena cava ; A, superior vena cava ; c, cavity of the right auricle, 
laid open in front ; d, auricular appendix ; e, cavity of the right ventricle, also laid open ; /, Eustachian valve. The arrow placed in 
the inferior vena cava passes behind the Eustachian valve, crosses the cavity of the right auricle, and passes through the foramen 
ovale to the left auricle. 

B. Indicates the course of the blood through the adult heart (vide darts), a, a, Vena cava, superior and inferior ; 6, right 
ventricle ; r, pulmonary artery ; d, pulmonary vein ; e, left ventricle ; /, aorta (after Dalton). 
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The circulation of mixed blood through the body of the foetus resembles that of the reptile, where there are 
two auricles and only one ventricle ; the right auricle containing venous blood and the left one arterial blood. As 
the right and left auricles in the reptile communicate directly with the ventricle, the venous and arterial blood 
are mixed in the ventricle and a mixed circulation produced. The foetal circulation resembles that of the fish to 
the extent that the blood of the foetus is aerated not by coming in contact with air, but with the oxygen in solution 
in the blood of the mother contained in the maternal portion of the placenta. The fish and foetus aerate their 
blood by means of a fluid medium. In the fish the heart consists of a single auricle and ventricle, with two 
accessory structures, the ductus venosus and the bulbus arteriosus, and the circulation is mixed because a perfect 
circulation is impossible as apart from a heart with four separate compartments ; the two right compartments being 
devoted to the venous circulation, and the two left compartments to the arterial circulation. All this does not make 
the man successively a fish, a reptile, or a bird. It only shows that he is formed upon a common plan, and that 
he forms one of several types. His distinguishing feature is his completeness. 

The mixed circulation of the foetus is converted into a double or perfect circulation soon after birth ; the 
Eustachian valve closing and the ductus arteriosus becoming imperforate. These structural changes are not due 
to irritability, extraneous stimulation, or environment. The effect of them is to form a heart consisting of 
four distinct and separate chambers ; a right and left auricle, and a right and left ventricle. The right auricle 
and ventricle receive venous or impure blood from all parts of the system and force it into the lungs, and are, from 
this circumstance, designated the pulmonic or right heart ; the left auricle and ventricle receive arterial or pure blood 
from the lungs and force it through the entire system, and are termed the systemic or left heart. The left heart, 
because of the excess of work to be performed by it after birth, becomes the more powerful and typical one. 

In the foetus before birth the placenta equalises the amount of work performed by the right and left ventricles 
respectively. The history of the formation of the heart affords a pregnant illustration of design. 

At first it appears as a simple tube slightly expanded in the middle and with two vessels at either end. After 
a time it throws itself into a spiral loop which overruns and is free at either end ; the free ends being continuous 
with the blood-vessels which ultimately form the cavae and pulmonary artery and aorta. Subsequently the original, 
looped, spiral tube is divided by duplications or partitions into four compartments ; namely, two auricles and two 
ventricles ; the auricles opening into each other by the Eustachian valve, and the pulmonary artery and aorta also 
opening into each other by the ductus arteriosus (Plate xcv., Figs. 1, 3, 6, and 7, page 407). While these changes 
are going on, a most intricate arrangement of the muscular fibres forming the auricles and ventricles, especially the 
latter, is taking place. The arrangement of the muscular fibres in the left ventricle is exceedingly involved and 
complex — so much so, that for over 200 years it formed the Gordian knot in anatomy. The muscular fibres are 
arranged in four distinct spiral sets, namely, two external and two internal ; these being continuous with each other 
and with other fibres at the apex and base of the ventricle. The two external sets wind spirally from the base to 
the apex and form right-handed spirals. Conversely the two internal sets wind spirally from the apex to the base 
and form left-handed spirals (Plate xvii., Fig. 4, page 32). The two sets of spiral external fibres involute or turn 
in at the apex, and the two sets of spiral internal fibres e volute or turn out at the base in such a way that the 
external and internal fibres become continuous with each other both at the apex and the base of the ventricle. 
Other deeper and more oblique spiral external and internal fibres, continuous with those already mentioned, occur. 
It follows, that the several sets of external and internal spiral fibres cross each other at ever-increasing 
angles until the centre of the muscular wall is reached. As a consequence of this arrangement, and as 
I explained in 1858, 1 the spiral muscular fibres of the left ventricle may be separated into seven well-marked 
layers ; the layers increasing in thickness from without inwards. Thus if the ventricle be dissected from the 
outside, the two sets of spiral fibres forming the first layer are found to wind from left to right and from base to 
apex of the ventricle in a nearly vertical direction ; the two sets of fibres forming the second layer winding in a 
similar direction slightly more obliquely ; those of the third layer winding still more obliquely until the fourth or 
central layer, where the fibres pursue a nearly transverse direction, is reached. When the fourth layer is exposed 
everything is reversed ; the two sets of spiral fibres forming the fifth layer running from right to left and from apex 
to base very obliquely, the two sets of spiral fibres forming the sixth layer pursuing a similar but less oblique direction ; 
the spiral fibres forming the seventh or most internal layer also proceeding from right to left in a nearly vertical 
direction. In virtue of this arrangement, the fibres of the first and seventh layers cross each other spirally at very 
acute angles, those of the second and sixth layers crossing spirally at more obtuse angles, and those of the third 
and fifth layers crossing spirally at still more obtuse angles. The fibres of the central layer, as explained, pursue 

1 In this year my dissections of the heart, over 100 in number, obtained the Senior Anatomy gold medal of the University of Edinburgh, 
awarded by the famous Professor John Goodsir, the /wile princeps of anatomists. They formed the subject of the Croonian Lecture of the Royal 
Society of London in 1860 ; an abstract of the lecture being published in the Proceedings of the Society in the same year. Later, the lecture, in 
an extended form, and very fully illustrated, was assigned a place in the Philosophical Transactions (1864, Part iii.). 
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a more or less transverse direction. Two plates of illustrations of the left ventricle of the heart are given further on 
(Plates xcvii. to xcviii.). It may be stated in passing that the muscular fibres of the stomach, bladder, and uterus are 
distributed in much the same fashion. These are illustrated by four plates (Plates c. to ciii.). The left ventricle 
of the heart, which is the chief propelling organ in the circulation of the blood, is symmetrical, and constructed on 
mathematical principles to secure the greatest possible strength with the least possible material. It is stayed and 
strutted in every direction, after the manner of a girder bridge, to resist strain at every point. It is expressly 
designed and expressly built to withstand continuous wear and tear, such as no other organ in the body is exposed 
to. The heart forces the blood through the system during the entire life of the individual. It rests neither day 
nor night from the cradle to the grave, and on its efficiency the health and life of every one of us depends. It 
forms the central engine of all our activities, and any imperfection in it inevitably results in disaster. It is no 
wonder that so much prevision and care should be expended in its production. Whatever may be said of other 
animal organs, the heart (and particularly the left ventricle) is no chance product. Its structure and function have 
only to be examined to convince every one who reflects, that it is a fundamental organ, in large measure necessary 
to, and coeval with, life ; an organ, the foundations of which are laid in the foetus and perfected soon after birth. 
It is the great prime mover of the blood and muscles from the physical point, as the brain is the great prime mover 
from the mental or psychical point. In order to carry on its important work it is endowed with a centripetal and 
centrifugal power ; each compartment having a double independent movement, whereby it alternately opens, expands, 
and sucks blood into it, and closes, contracts, and forces blood out of it. Each compartment exercises & vis a 
fronte and & vis a tergo power ; the heart forming one of the most perfect and effective forcing-pumps known to 
modern science. 

§ 83. The Development of Blood, Blood-vessels, Nerves, Muscles, Bone, Lungs, Glands, Sense Organs, 
&c, in Man and Mammals. 

The manner in which the red and white blood-corpuscles, blood-plasma, blood-vessels, nerves, muscles, bone, 

glands, sense organs, &c, are produced in the embryo is exceedingly interesting from a teleological point of view. 

These several substances and structures, various as regards composition, consistence, and ultimate function, are all 

being developed at, or nearly at, the same time. The one is not manufactured out of the other. On the contrary, 

they spring from separate centres, and each grows in its own particular way and independently. They do not 

crowd or jostle each other, but fit into their own particular niches in the organic edifice as specially-ordered, dressed 

stones fit into a carefully-planned building. There is no waste either of energy or material, and the completed 

animal bears the unmistakable impress of an intelligent Designer and Constructor. The production of the several 

structures referred to is spontaneous, and in no sense due to irritability, extraneous stimulation, or environment. 

There is division of labour from the first. Each substance is supreme in its own department. The organism 

does not consist of a vicarious arrangement of substances and of parts. On the contrary, everything is independent 

and, within limits, interdependent, in the sense that each thing forms a part of the same whole. The structures 

be they simple or complex, are typical of their kind, just as the several varieties of plants and animals are typical. 

To take examples : the young blood is formed simultaneously with the blood-vessels which are to contain it ; the 

brain, spinal cord, and nerves are growing at the same time as the muscles they are to control ; and the bones are 

developing pari passu with the muscles to which they are to afford attachments and leverage, and by which they 

are to be moved. There is no waiting of any one part of the embryo on any other part ; all are up to time, and 

everything moves with the regularity of clockwork, and precisely as a planned and ordered whole would be expected 

to move. " The first red blood -corpuscles are formed very early in embryonic life simultaneously with and in the 

interior of the first blood-vessels. They are developed in the mesoblast in a circular area which surrounds the part 

of the blastoderm which is occupied by the developing body of the embryo. The area is known as the vascular area, 

and the first blood-vessels and blood-corpuscles are, therefore, formed outside the actual body of the embryo. Those 

mesoblastic cells in the vascular area which are concerned with the formation of vessels (angioblasts) become extended 

into processes of varying length, which grow out from the cells in two or more directions. The cells become united 

with one another, either directly or by the junction of their processes, so that an irregular network of protoplasmic 

nucleated corpuscles is thus formed. Meanwhile the nuclei become multiplied, and whilst the greater number 

remain grouped together in the original cell-bodies or nodes of the network, some are seen in the uniting cords. The 

nuclei which remain in the nodes accumulate, each one around itself, a small amount of cell-protoplasm. The 

corpuscles thus formed acquire a reddish colour, and the protoplasmic network in which they lie becomes vacuolated 

and hollowed out into a system of branched canals enclosing fluid in which the nucleated coloured corpuscles 

float. As soon as the heart is developed, or even before this happens, the blood begins to move within the ~*«*<%1r 

of the vascular area. These first-formed red blood-corpuscles are nucleated cells resembling the pale 
vol. 1. 
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except in their colour and in the clearness of their protoplasm, and, like the white corpuscles, they are capable of 
amoeboid movement, and of undergoing multiplication by division. The colourless corpuscles appear to be formed 
in great number in the embryonic liver as soon as this is developed, as well as in the lymphatic glands, spleen, and 
thymus gland. It has been supposed that the colourless corpuscles formed in these organs acquire colour, and are 
converted into nucleated red corpuscles, but there is no direct evidence in favour of this view. 

" The primary nucleated red corpuscles are at length succeeded by smaller disc-shaped red corpuscles without 
nuclei, having all the characters of the blood-discs of the adult. This substitution proceeds gradually, until, long 
before the end of intra-uterine life, the nucleated red corpuscles have almost entirely vanished from the blood. The 
disc-shaped red corpuscles are produced in the interior of angioblastic connective tissue cells in the following 
manner : — A part of the protoplasm of the cell acquires a reddish tinge, and after a time the coloured substance 
becomes condensed in the form of globules within the cells, varying in size from a minute speck to a spheroid of 
the diameter of a blood-corpuscle, or even larger ; but gradually the size becomes more uniform. Some parts of 
the embryonic connective tissue, especially where a vascular tissue, such as the fat, is about to be developed, are 
completely studded with cells like these, occupied by a number of coloured spheroids and forming nests of blood- 
corpuscles or minute ' blood-islands.' After a time the cells become elongated and pointed at their ends, and 
processes grow out to join prolongations of neighbouring blood-vessels or of similar cells. At the same time 
vacuoles form within them, and becoming enlarged coalesce to form a cavity filled with fluid, in which the reddish 
globules, which are now becoming disc-shaped, float. Finally the cavity extends through the cell-processes into 
those of neighbouring cells, and a vascular network is produced, and this becomes eventually united with pre- 
existing blood-vessels, so that the blood-corpuscles which have been formed within the cells in the manner described 
get into the general circulation." l 

The " intracellular " mode of development of the red blood-corpuscles in most animals ceases at or before birth. 
They are supposed to be developed after birth (in the growing child and adult) from the red marrow of the bones, 
especially that of the ribs, and from the leucocytic marrow-cells called erythroblasts. This view is, however, disputed, 
and the erythroblasts, according to Bizzozero, are not developed from the leucocytic marrow-cells, nor from the 
white corpuscles of the blood, but are corpuscles sui generis, which multiply by karyokinesis, and become gradually 
transformed in the mammalia, with the disappearance of the nucleus, into the red blood discs. 

This view is favoured by Professor Schafer, who states that the coloured cells observed by him " have almost 
always been distinctly smaller than the ordinary marrow-cells, often of irregular forms, and sometimes appear to 
be undergoing division. They are amoeboid cells, the protoplasm of which is coloured by haemoglobin, and they 
closely resemble the nucleated red blood-corpuscles of the embryo. It appears, therefore, probable that the cells 
in question are descendants of the embryonic red blood-corpuscles, and that they are transformed into the ordinary 
blood-discs by the gradual atrophy and disappearance of the nucleus and the moulding of the coloured cell-substance 
into the shape of the bi-concave red corpuscles." It will be observed that the series of changes which result in the 
formation of blood and blood-vessels are self-inaugurated, and in no way influenced by irritability, external stimuli, 
or environment. 

The production of young blood is especially interesting in its relation to the capillary blood-vessels ; the blood 
and the channels through which it is to flow being practically developed at the same time. The simultaneous 
development is an important feature as indicating design. The blood-vessels and their contents are evidently part 
of a general scheme. 

Similar arrangements are witnessed in the growth of young bone, which may be developed in membrane or in 
cartilage. In the flat bones of the head (membranous to begin with), such as the frontal and parietal, the membranes 
are stiffened by the deposition of lime (earthy salts). This lime is not, however, scattered all over the bones. On 
the contrary, it radiates from an appointed centre stellate-fashion, and spreads towards the periphery of the bones. 
In like manner the long bones which have their origin in hyaline cartilage have separate centres of ossification ; the 
centres increasing according to age until puberty is reached. Thus in the femur or thigh bone, the first centre 
of ossification appears in the middle of the shaft about the beginning of the third month after impregnation. In 
this case the ossification extends up and down the shaft before the other centres appear. Towards the end of foetal 
life a second centre appears at the lower portion of the bone and forms part of the knee-joint. A year after birth, 
a third centre appears at the upper end of the bone and assists in forming the hip joint. During the fourth year 
a fourth centre appears and forms the knob known as the trochanter major ; a fifth centre appearing during the 
fourteenth or fifteenth year to form the trochanter minor. The thigh bone is thus developed from five centres (the 
sacrum has as many as thirty-three centres). The shaft or body of the bone is called the " diaphysis " ; the other 
parts being designated the " epiphyses." In all this there is marked order and strict adherence to a building plan ; 

1 Chain's " Element* of Anatomy," edited by E. A. Schafer, LL.D., F.R.S., and George Dancer Thane, vol. i. part ii. 1898, pp. 217-219. 
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the mode of construction being always the same. The long bones forming the arms and legs (as also those forming 
the vertebral column) are separated by layers of cartilage, and this circumstance, taken in conjunction with the 
successive appearance of the centres of ossification, favours the argument for design ; certain portions of the bones 
becoming ossified to support weight, other parts remaining cartilage to prevent concussion or shock. Professor 
R. Owen states the argument thus : " The young lamb or foal can stand on its four legs as soon as it is born ; it 
lifts its body well above the ground, and quickly begins to run and bound. The shock to the limbs themselves is 
broken and diminished at this tender age by the division of the supporting long bones, by the interposition of the 
cushions of cartilage between the diaphyses and epiphyses." 

The formation of the vertebral column and its muscles is deserving of special notice because of its central 
position and segmented nature. It consists in the embryo of symmetrical, square-shaped, cellular and cartilaginous 
masses, which are virtually repetitions of each other. The vertebrae, as development proceeds, afford a protective 
osseous canal for the safe lodgment of the spinal cord. They also afford support for the ribs, and attachment for 
the muscles. The vertebrae and ribs divide the body into what are practically transverse layers. The young muscles 
connected with the backbone emphasise this arrangement. " The muscles of the trunk are formed from the proto- 
vertebrae. These are at first separate masses of mesoblast, the cells of which have at the periphery of the mass a 
tendency to a radial disposition, whilst towards the centre they are loosely arranged, and may even leave a more 
or less distinct space unoccupied by cells (proto-vertebral cavity). Whether there be originally a cavity or not in 
it, the proto-vertebra presently becomes filled up with cells and then forms a fairly compact mass of cells which 
are most irregularly arranged, but externally (next to the cutaneous epiblast) become regularly disposed into an 
epithelium-like plate of columnar cells. This is known as the muscle-plate, and in it the original mesoblastic segmen- 
tation continues to be exhibited. They do not long remain as a single epithelium-like layer, for the extremities 
of this layer fold sharply round and become continuous with a cell-stratum, which immediately lines the internal 
surface of the columnar layer and forms an inner muscle-plate. It is uncertain whether the cells of this inner muscle 
plate were derived from part of the columnar layer which has folded over, or whether they spring from other cells 
of the proto-vertebra. Soon after their appearance as a distinct layer of the muscle-plate they begin to elongate 
in the sagittal (antero-posterior) direction, and it may presently be observed that they are becoming developed into 
longitudinal groups or segments of muscle-fibres which stretch between the original intervals between the proto- 
vertebrae. Although the muscle-plates are originally mainly concerned with the formation of the muscles which 
move the central skeletal axis, it is probable that all the skeletal muscles both of the trunk and limbs are eventually 
derived from them. The vertebral column is developed around the notochord, except at the anterior end of that 
structure, which is imbedded in the basis cranii. It is formed from proto-vertebral mesoblast. The outer part of 
each proto-vertebra is transformed into a muscle-plate, and thus the original mesoblastic segmentation is maintained. 
The inner parts of the proto-vertebrae do not, however, remain distinct, but blend with one another on each side of 
the neural canal to form a longitudinal mass, which extends to the side of and subsequently encloses the notochord, 
and finally sends dorsal prolongations over the neural canal. The first appearance of the permanent vertebrae is 
in the form of cartilage, which becomes formed in this mesoblastic investment on either side of the neural canal, 
nearly opposite the interval between each two muscle-plates, to form the neural arch. This part of the vertebra 
therefore alternates with the original mesoblastic somites as represented by the muscle-plates. The serial arrange- 
ment of the musculature represents phylogenetically the original segmentation of the vertebrate body. The 
segmentation of the vertebral column, on the other hand, has been arrived at later, and has been carried out in 
dependence upon the muscular segmentation." 

The cartilage makes its appearance on the fourth day in the chick, on the eleventh or twelfth day in the rabbit, 
and in the fourth or fifth week in man (Kolliker). It is completed by the sixth or seventh week, soon after which 
ossification begins. To form the inter-vertebral discs, the mesoblast between the bodies of the vertebrae acquires 
a fibro-cartilaginous character, while at the same time the notochord, which gradually elsewhere becomes reduced 
in size and eventually disappears, here undergoes enlargement, and its cells form an irregular network in the central 
inter-vertebral pulp. 

The limbs, which ultimately form important auxiliaries of the back bone and body, " arise as outgrowths from 
the lateral part of the trunk in the thoracic and pelvic regions, on the third day in the chick, and in the third and 
fourth week in the human embryo. They appear as flattened semi-lunar thickenings of the parietal mesoblast 
covered by epiblast, budding out from a lateral ridge which is seen in the early embryo near the line of cleavage of 
the mesoblast and close to the outer margins of the muscle-plates, and several of which subsequently send prolonga- 
tions into each limb ; they are therefore connected with several mesoblastic somites, as is also indicated by their 
nerve supply." 1 

1 Quain'a "Elements of Anatomy," edited by E. A. Schafer, LL.D., F.R.S., and George Dancer Thane, vol. i. part i. 1898, pp. 159-163. 
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The pre-arrangement and design so conspicuous in the development of the blood-corpuscles, blood-vessels, 
muscles, and bones, is emphasised and accentuated in the case of the nervous system. This may be said to form 
the keystone of the lofty and superlatively beautiful organic arch. The nervous system in man has a cellular 
origin, and grows like all other parts of the body. It becomes more and more complex as differentiation proceeds. 
Structurally and functionally it attains to the most exalted position. Originally simple, it ultimately consists of 
an extraordinary assemblage of nerve cells, ganglia, and nerve fibres. These, in one sense, are independent, in 
another they are interdependent and inextricably interwoven. Collectively they form the organ of the mind. 
The several portions of the brain are to be regarded as expansions of the spinal cord, as the several parts of the 
skull are to be regarded as expansions of the vertebrae forming the vertebral column. The spinal cord and brain are 
segmented, highly -symmetrical structures, and consist of pairs of ganglia arranged on either side of the mesial line 
of the body at regular distances. The segmentation is indicated by the beaded outline of the medulla oblongata in 
the embryo ; the medulla being the first expansion of the spinal column. The double chain of ganglia referred 
to are connected with each other longitudinally and transversely by commissural nerve-fibres. They are also con- 
nected with symmetrical sets of sensory and motor nerves which extend to all parts of the body, and by the aid 
of which, in the adult, they receive messages from the outer world through the skin and sense organs, and despatch 
commands to the voluntary muscles which they set in motion. The following is the description of the origin of the 
nervous system as given by Quain : l " The whole of the central nervous system takes origin from the thickened 
walls of a doreally situated axial groove, subsequently converted into a canal, which runs forwards in front of the 
primitive streak, and the anterior end of which becomes enlarged and converted by constrictions into three suc- 
cessive vesicles, around which the several parts of the brain are formed, and which are known as the primary 
cerebral vesicles (Plate xci., Fig. 1 ; Plate xcii., Figs. 5 and 6). The remainder of the neural canal is of nearly 
uniform diameter, and its walls become converted into the substance of the spinal cord, while the cavity itself 
becomes eventually the central canal of the cord. The walls of the neural groove are composed of epiblast, and 
it therefore follows that the whole structure of the central nervous system is laid down in epiblast, and consists 
in the main of more or less modified epiblastic elements, except where mesoblastic tissues subsequently penetrate 
into it, conveying blood-vessels into its substance. As was shown by Balfour, the same is in all probability true 
for all the nerves of the body, cranial and spinal. 

" The cord is at first oblong in section, with an angular depression in each side which serves to mark oft the 
situation of the future posterior columns and their corresponding grey matter from the antero-lateral region. These 
two parts of the lateral neural epiblast may be distinguished as the dorso-lateral (alar) and the ventro-lateral (basal) 
laminae ; with the former, the afferent nerve fibres become connected, whilst from the latter the efferent fibres take 
origin (His). In the human embryo of six weeks, they are well marked off from one another, and their respective 
connections with the posterior and anterior nerve roots are very distinct. The nerve fibres of the white columns 
are at first entirely non-medullated, and the white substance has a greyish transparent appearance. The medullary 
sheath is not formed simultaneously in all parts, but appears at different times in different parts corresponding 
with the tracts of conduction : the last of these tracts to become medullated are the pyramidal tracts. 

44 The vesicles of the brain, which are at first three in number, become subdivided so as to form five in all, 
which may be termed in succession from before back, the first, second, third, fourth, and fifth secondary vesicles. 
Of these five parts the first two, which represent the cerebral and thalamic parts of the future brain (third ventricle), 
are derived from the first primary vesicle, and the last two, the cerebellar and bulbar parts (fourth ventricle), 
form the third primary vesicle, while the third, middle, or quadrigeminal part represents the undivided second 
primary vesicle (Sylvian aqueduct). 

44 The first and most striking change which occurs in the primary brain is the outgrowth on either side of the 
first primary vesicle of a hollow protrusion (primary optic vesicle), which becomes developed eventually into optic 
nerve and retina. 

44 Subsequently another pair of hollow outgrowths sprout from the fore-brain, and these rapidly extend forwards, 
laterally, and backwards ; they form the vesicles of the cerebral hemispheres. 

44 The principal parts of the brain appear as thickenings in different parts of the walls of the vesicles. Thus 
the corpora striata are formed in the floor of the hemisphere vesicles, whilst the principal mass of each hemisphere 
is formed from the roof and sides (mantle) of those vesicles, and the olfactory lobes are hollow outgrowths from them. 
The optic thalamus is formed by a thickening of the lateral wall of the second vesicle, the cavity of which comes 
to be the main part of the third ventricle ; the corpora quadrigemina are thickenings in the roof, and the crura 
cerebri thickenings of the sides and floor of the third vesicle, which becomes the aqueduct of Sylvius ; the cere- 
bellum and pons are respectively thickenings of the roof and floor and the crura cerebelli of the sides of the fourth 

1 Op. cU. pp. 57-68. 
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vesicle (anterior part of hind -brain), the cavity of which becomes the anterior (superior) part of the fourth 
ventricle ; and finally, the medulla oblongata is developed as a thickening of the wall of the fifth vesicle, the 
cavity of which expands from the central canal of the spinal cord to form the calamus scriptorius of the fourth 
ventricle. 

" While these changes are going on in its walls the embryonic brain does not remain straight as at first, with 
its axis in a line with that of the spinal cord, but undergoes certain flexures, the general result of which is to bend 
the anterior end towards the ventral surface." 

As the nervous system is, in a sense, inoperative in the embryo and foetus it is not necessary to pursue the 
subject further here. It is, however, fully treated further on, both in its simple and complex condition, as it occurs 
in the lower animals and in man. It is only necessary to state that the nerve-cells, ganglia, spinal cord, brain, 
sensory, motor and sympathetic nerves which constitute it, and which furnish an unparalleled display of the 
highest forms of organic matter, are all prepared in advance of the complicated functions to be discharged 
by it. The nervous system, more than any other system in the body, bears eloquent testimony to design and a 
Designer. In no other system is there such extraordinary elaboration ; such a magnificent array of well-chosen 
means to definite and obvious ends. Nor is the labour expended in any sense squandered or wasted, when it is 
remembered that on the quantity, quality, and integrity of the nervous system all mental and conscious 
manifestations depend. 
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Fig. 80. — Nervous systems of the centipede and of man. 

A. Centipede (Scoh}tendra). The nervous system of the centipede consists of a 
linear series of nearly equal and similar ganglia arranged in pairs, situated upon the 
median line, along the ventral surface of the alimentary canal. Each pair of ganglia is 
connected longitudinally and transversely by commissural nerve fibres, and distributes 
sensory and motor nerves to its own segment or articulation. In the first articulation 
which forms the head («), the ganglia are larger than elsewhere, and send nerves to the 
antennae and to the organs of special sense. This pair is termed the cerebral ganglion, 
or the "brain." r, <•', Longitudinal commi sural nerve fibres, which with their ganglia 
form what is virtually a spinal column (compare with c, c of Fig. B). 

B. Cerebro-spinal system of man (Homo sajriens). a, Cerebrum ; />, cerebellum ; 

c, c*, spinal cord giving off sensory and motor nerves (compare with c, c' of Fig. A); 

d, brachial nerves ; e, sacral nerves (after Dal ton). 

The nervous systems of the centipede and of man bear a striking general resemblance 
to each other; allowance being made for the greater development and complexity of 
the latter. The cerebrospinal nervous system in man is seen on an enlarged scale at 
Plate cxxxii. Fig. 1. 
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The evidence of design so conspicuous in the construction of the heart and brain is equally apparent in the 
development and construction of the lungs. The heart, the brain, and the lungs may be said to form the tripod of 
life in the higher animals and in man. 

The brain, as already explained, is an expansion and modification of the spinal cord, and literally consists of 
millions of nerve cells connected directly and indirectly with nerve fibres. It is simple in its inception, and becomes 
complex in the adult and as the animal rises in the scale of being. Here again there is community of structure 
and proof of type as between the lower and higher animals. In the centipede, one of the articulata, the nervous 
system consists of a brain and what is virtually a spinal cord, with sensory and motor nerves given oft at regular 
intervals, as shown at A of Fig. 80, above. The body of the centipede is segmented, that is, divided transversely ; 
the sensory and motor nerves being distributed to the segments. The nervous system is divided longitudinally, 
the portions representing the quasi-cord and brain being composed of two equal halves. The quasi-cord is com- 
posed of a double chain of ganglia united by nerve commissures longitudinally and transversely ; the cephalic ganglia 
being enlarged and approximated to form a rudimentary brain. Here there is longitudinal and transverse division 
and a repetition of parts indicating general plan and type. In the human brain and spinal cord a precisely similar 
arrangement of parts obtains, as shown at B of Fig. 80, above. 

Thus the human spinal cord and brain are divided longitudinally into two symmetrical halves, and the ganglia 
are arranged in pairs, or in duplicate both in the cord and brain. The sensory and motor nerves, moreover, are 
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given off at regular intervals, indicating a transverse division. Further, the ganglia in the spinal cord and 
brain are connected together by longitudinal and transverse commissural nerve fibres. The longitudinal and 
transverse arrangements seen in the nervous system of such a simple animal as the centipede are, it will be 
seen, repeated with comparatively little variation in the highest members of the animal series. As it is not 
possible to regard the nervous system of the centipede as the direct or even the indirect progenitor of that of man, 
we are forced to fall back upon a general plan and types for an explanation. 

Similar remarks may be made of the lungs. In the lower animals, say the triton, the lungs are composed of simple 
sacs displaying a large number of capillary blood-vessels. In the lungs of the frog the sacs are folded in and dupli- 
cated and crumpled up to form partitions and loculi. In the human lungs this process is carried to an extreme ; the 
lungs, on section, presenting a honeycombed, porous appearance. In the human embryo the lungs first appear as 
simple tubular sacs ; as development proceeds they are divided into lobes, lobules, and air vesicles ; one of the 
latter resembling in its details the entire lung of the frog. The human lungs are a crowning example of longi- 
tudinal, transverse, and oblique cleavage and of infolding, duplicating, and crumpling. It may be noted in passing 
that the same is true of the cortex of the human brain, and kidneys. 

The bronchial tubes, as well as the substance of the lungs, divide and subdivide to quite an extraordinary 
extent, and present a characteristic tree-like appearance. The object is to provide a comparatively large space 
in a constricted area ; the idea being to obtain a very extensive frame -work for the support of endless capillary 
blood-vessels ; these containing the blood, which is aerated and purified during respiration. The appearance 
presented by the lung of the frog, the human air vesicle, and the human lung is seen at Plate lxxvii., Figs. 1, 2, 
and 3, page 275. 

Other organs besides the brain, heart, and lungs are laboriously built up after undergoing numerous important 
modifications in vlero. This is true of the liver, kidneys, and glands generally. These exercise a powerful influence 
on the digestion and in keeping the quality of the blood at a high standard. The blood glands proper, and the 
lungs, contribute to this result. The food enriches the blood and the blood feeds all the tissues, hard and soft, in 
all parts of the body. Everything hangs together in a living compound organism, as everything hangs together in 
the universe itself. There is mutual interdependence. 

The stomach, liver, kidneys, and glands are simple in the foetus as compared with what they are in the adult, 
and in the lower animals as compared with man. There are, moreover, numerous points of resemblance between 
them. These, however, indicate a general plan and types rather than the direct or indirect evolution of the one 
from the other. Neither plant nor animal can add to or take from their fundamental structures, either during 
development or in the adult condition. 

The fact that all the organs of the body are prepared in advance of the function to be performed by them, and 
before the offspring is born, furnishes, it appears to me, an unanswerable argument in favour of design, and of 
means to ends, which neither natural selection nor evolution can even partly explain. 

Other weighty arguments in the same direction are to be deduced from the development of the sense organs 
in man. In the foetal condition the sense organs are all in abeyance ; in other words, they are not called upon to 
perform any function. Nevertheless, they are duly formed in anticipation of the work they will have to discharge 
after birth. In vtero no food reaches the mouth and palate, no odours penetrate the nostrils, no sounds distract 
the ear, and no light falls upon the eye. As yet no relation is established between what may be called the subjective 
(the conscious ego) and objective (the outer world) ; there is no irritability, extraneous stimulation, or environment 
in the ordinary sense. This fact affords an all-powerful argument against the theory that the sense organs are 
the creation of externalities. In reality, the sense organs are expressly constructed to deal with and interpret 
extraneous matter, that is, matter outside the individual ; and it is a mere perversion of language and of fact 
to say that outside substances and environment form any part of the body, and, least of all, of the sense organs. The 
senses in the child develop pari passu with the intelligence, but the actual structures forming the sense organs are 
virtually completed before birth. The sense organs are trained and educated after birth as the muscles are, but 
the organs, as organs, are in actual existence before birth. After birth they form the medium between the individual 
and the universe, and everything the universe contains. The extreme value of this medium can scarcely be 
adequately estimated, as it brings the individual directly or indirectly into contact with, at once, the smallest and 
lightest, and the greatest and heaviest, masses of matter near and remote. It enables him to taste the most minute 
crystal of sugar, to smell the tiniest particle of musk, and to survey the sun in his mid-day strength, and the 
mysterious stars in their far-off jewelled splendour. The sense organs perhaps more than any other organs in the 
body reveal the hand of the great Designer. They form the veritable connecting-links between matter and mind, 
and are, from this circumstance and properly, designated the gateways of knowledge. 
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§ 84. Design as Witnessed in the Migration of Birds and Other Animals. 

It is very difficult, if not indeed impossible, fully to explain the phenomenon of migration. No doubt it is 
largely connected with the food supply and, in the case of birds and fishes, with nidification and spawning. The 
seasons, the increase of heat or cold, and the velocity or force of the winds are also to be taken into account. The 
conditions attending migration are complex, and such as cannot be fully appreciated by the animals which migrate. 
The distances covered extend occasionally to hundreds or thousands of miles, and, in not a few instances, the 
migrations are made during the night. This is true of large numbers of birds. 

Great flights are made by birds in the murky darkness, and fish migrate in shoals into and out of deep water, 
where their eyes can be of little or no service. Birds and fishes perform their migrations, as it were, without sight, 
and minus a compass. Their landmarks, if they have any, must be few and far between. As they cannot be 
credited with a full knowledge of the complicated circumstances which determine their movements, the movements 
themselves are not a little mysterious. 

Birds reared in certain localities migrate, and in due season return to the place of their birth for nesting and 
other purposes. Young salmon, sea-trout, &c., make long journeys down the rivers in which they are hatched to 
the sea, where they remain for stated intervals. They attain maturity in the sea, from which they finally emerge 
full of spawn. They ascend the parent rivers, and in turn deposit their spawn there, which is hatched out as before. 
Young salmon and sea trout which have been artificially marked invariably return to the same rivers. They take 
next to no food in the fresh water before spawning, so that the question of food prior to spawning may be largely 
eliminated in the migrations of these valuable food fishes. Birds also when rearing their young are indifferent to food. 

In considering the subject of migration, one of two things is evident. Either the migrations of animals are 
arranged for and are pre-determined, or, in the remote past, the migrations must have been performed intelligently. 
This means that the migrating animals understood what they were about, 1 and that they were largely guided to 
their respective destinations by landmarks which are now wholly or in great measure swept away. 

It is worse than useless to attempt to explain the phenomenon of migration by the ill-defined and loosely- 
employed term instinct, which, in this connection, means nothing. Instinct, moreover, as I show elsewhere 
(§ 48 of the present work) is, in every instance, preceded by intelligence. To explain migration, intelligence, 
or its equivalent must be conceded to the parents and to the offspring. If that be withheld, a guiding power has 
to be substituted, and that guiding power can only be traced to a First Cause. The intelligence of birds and fishes 
(as we know them) is limited, and inadequate fully to explain all the peculiarities of migration. If it accounted 
for short journeys made during the day with landmarks as guides it would not account for long journeys made 
during the night without landmarks. If, again, the ancient progenitors of birds and fishes were wiser than their 
modern progeny, then birds and fishes have not evolved or become more perfect. On the contrary they have retro- 
gressed. This affords an argument for the creation of types as contra-distinguished from a continuous evolution 
from lower to higher forms, from the monad to the man. On the whole a First Cause and design furnish the more 
feasible explanation of the migratory habit. 

One can understand how animals pressed by hunger because of the failure of the food supply in certain regions 
at certain times make short journeys in daylight, but when they make long journeys in the darkness the explanation 
is by no means on the surface. Animals are no doubt endowed with powers not vouchsafed to man. Eels which 
are taken out of the water, if left to themselves, immediately make for it. Young turtles hatched in the hot sand 
make straight for the water even when turned about and placed with the head away from it. Land crabs often 
make long journeys to moist regions with apparently nothing to guide them, and homing pigeons seldom make a 
mistake in direction, and frequently travel incredibly long distances. Young ducks reared by hens make for the 
pond almost as soon as hatched. Chickens scarcely out of the shell begin to peck, and pick up food before they 
can have any idea of what food means. 

Dogs and cats removed by train or boats fifty or more miles distant very frequently return to their original 
homes, travelling through unknown territory as quickly as if they knew every foot of the way. In like manner 
bees, however devious their course when leaving the hive, as a rule, return to it in a straight line — hence the 
phrase u bee-line." 

If, however (and here comes the crux of the matter) animals can perform, more or less unerringly, long journeyB 
without apparent landmarks and even in the darkness, it follows that the guiding power is not wholly within them- 
selves, and that in their migrations they are carrying out a design which they can, at best, only partly realise. 

1 Many are of opinion that old, intelligent, sterile birds act as leaders in migratory flight, and direct the movements of the younger and leas 
well-informed birds in their protracted journeys. Not a few are of opinion that migration is determined by the velocity of the wind. No 
migrations are }ierfonned where the speed of the wind exceeds from thirty-five to forty miles an hour. 
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The British Association in the year 1880 instituted an extensive inquiry into the migrations of birds in Great 
Britain and Ireland which was brought to a conclusion in 1903. The committee appointed to carry out the observa- 
tions put themselves into communication with the numerous lighthouse keepers, some 200 in number, on the 
British and Irish coasts. For eight years (1880-1887) the numerous observations accumulated ; a digest of them 
being prepared for the Liverpool meeting of the Association in 1896. 1 This gave in a condensed form the general 
results of the inquiry in all its aspects, geographical, seasonal, meteorological, &c. Then followed a series of 
histories of eight carefully-selected migrant British birds, whose migratory movements and the conditions under 
which they were made were studied and duly noted. Mr. William Eagle Clarke, in a recent article in Nature 
(March 31, 1904, p. 516), gives a resume of the British Association Reports, and adds important observations of 
his own. I am indebted to him for the following interesting remarks : " Turning now to some of the special results 
of the inquiry, in the first place it was clearly proved that a considerable proportion of our native-bred song-thrushes, 
blackbirds, skylarks, starlings, rooks, lapwings, and other species, which are usually regarded as being wholly 
resident throughout the year, are migratory ; indeed, they are as essentially summer visitors to our isles as the 
swallow and the cuckoo. They leave us before the end of summer for Southern Europe, and are the first harbingers 
of spring to appear on our shores, arriving during February and early March. 2 

"As regards the geographical aspect of the subject, perhaps the most interesting of the varied movements 
investigated are those remarkable intermigrations which take place between the south-eastern coast of England 
and the opposite shores of the Continent by a westerly autumn and easterly spring flight. The birds reach England 
in the autumn and return to the Continent in spring. Day after day in late September and during October, when 
the weather is suitable, vast numbers of skylarks, starlings, chaffinches, tree sparrows, rooks, and jackdaws rush 
across the southern waters of the North Sea, proceeding chiefly due west off the mouth of the Thames (the centre 
of the stream), south-west off the coast of Kent, north-west off Norfolk, and north-north-west off the Humber. 
Corresponding return migrations in opposite directions are witnessed in the spring. A noteworthy feature of 
these movements is that they are performed during the daytime ; indeed, they are the main diurnal flights observed 
on the British coasts. 

" During the preparation of the digest and of the various reports," Mr. Clarke observes, " I was so much 
impressed with the singularity and importance of these movements that I decided to make some further investi- 
gations regarding them, and to this end I spent nearly five weeks on the Kentish Knock Light- vessel, situated thirty- 
two miles east of the Essex coast and out of sight of land, during the past autumn (see Ibis, pp. 112-142). I was 
previously uncertain as to whence came these hosts of migrants ; now I am of opinion that they are emigrants from 
western Central Europe, which, having probably descended the Maas, Rhine, and Scheldt, quit the Dutch coast at 
the mouths of those rivers en route for winter quarters. Some of them remain during the winter in England, others 
proceed to Ireland, and others, again, depart from our southern shores for more southern lands. There can be 
little doubt that many of those which remain in our islands winter in latitudes north of their summer homes. 

" Turning next to the meteorological aspect of bird-migration, it has been possible to make a careful comparison 
between the unique data obtained through the inquiry, and the reports issued by the Meteorological Office, and 
thus to establish satisfactorily certain relations between migrational and meteorological phenomena. For instance, 
it has been found that each great arrival on our shores of migrants from North-west Europe in the autumn is 
correlated with a certain type of pressure distribution which establishes fine weather over the North Sea between 
Scandinavia and the British Isles. Such conditions, however, though they may prevail at the all-important point 
of departure, and hence induce migration, do not always extend so far as Britain, and when this is the case the 
migrants pass into more or less unfavourable weather ere they reach our shores. 

" During a month's sojourn in the Eddystone Lighthouse (see Ibis, 1902, pp. 246-269) in the autumn of 1901, I 
paid special attention to the weather conditions under which the migrants set out to cross the Channel. I found 
that no movements were witnessed when the weather was in the least degree unfavourable for the passage, and that 
the wind is undoubtedly the main factor in migration meteorology. The direction of the wind was of no moment, 
for the birds flitted southwards in winds from all quarters. It was otherwise when its velocity came to be con- 
sidered, and no movements were performed when this exceeded about twenty-eight miles an hour. At thirty-four 
miles the few stragglers observed were in distress, and the only birds moving when it exceeded this and approached 
forty miles were swallows and martins. My subsequent experiences at the Kentish Knock Lightship confirmed 
these conclusions. 

" The supposed influence of the direction of the wind on migratory movements has been the source of much 
misunderstanding, chiefly because the dependence of the wind upon atmospheric pressure does not appear to have 
been taken into consideration. We now know that certain types of pressure distribution are favourable for. and 

1 Reports of the British Association for 1896 (pp. 451-477). * British Association Reports for the years 1901, 1902, and 1903. 
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conducive to migration, and the winds also resulting therefrom have erroneously come to be looked upon as the 
cause for such movements. 

" Finally, the investigation of certain movements, namely, the emigrations, has presented exceptional diffi- 
culties, due chiefly to the fact that they are habitually performed under conditions which enshroud them in all but 
complete obscurity. The reason for this is that, with few exceptions, emigration is undertaken during the hours 
of darkness, and thus entirely escapes notice at the place of embarkation. It was the object of investigating 
this phase in the phenomenon of migration that led me to visit the Eddystone, where it was possible to observe these 
emigrants immediately after their departure from our shores. There I found that at least 90 per cent, of the various 
emigrants crossed the Channel during the night. Indeed, night movements are undoubtedly the rule when con- 
siderable expanses of sea have to be traversed. To this rule the chief exception has already been mentioned : but 
both at the lighthouse and at the lightship I found that day migration was confined to a few species only." 

§ 85. Design as seen in the Production and Distribution of Seeds. 

The production and distribution of seeds is a wide and fundamental subject. In the simplest plants and 
animals every part of their substance possesses the properties and powers of the whole, and any part thrown off 
or broken of! is capable of independent existence. Certain plants and animals can be cut into pieces, or portions 
detached, and yet propagate themselves. Reproduction is effected by simple fission or splitting. It is also 
effected by budding, where a portion of the original individual is extruded and thrown off at particular periods ; 
the bud or portion thrown off possessing in a latent form the properties and powers of the parent. 

It is only in the higher and highest plants and animals that germs, seeds, and eggs make their appearance. 

As plants and animals can have no existence as apart from life conferred, so the higher and highest plants and 
animals can have no existence, as apart from seeds or ova of some kind. The possession of seeds, or their equivalents, 
is as fundamental as the possession of life, and each seed produces only its own kind. The seeds never become 
accidentally mixed up. A fig-tree is never produced from the fruit of a thorn or other tree, and the fish, reptile, 
bird, and mammal are, in every instance, the product of specific eggs, seeds, or ova of some kind. There are 
boundaries to seeds as to everything else. The power of producing seeds is an original endowment, and the very 
essence of life in its higher forms. Life, under all circumstances, is the starting-point of plants and animals, and 
the power of reproduction by means of germs, seeds, and eggs is necessary to the continuation of the higher life 
on the earth. Only the healthy and vigorous plants and animals are capable of producing seed. Not only is the 
seed- producing power conferred, but the most extraordinary precautions are taken for its continuation. Thus, seeds 
are produced in incalculable numbers, in many cases in millions. As a matter of fact seeds, eggs, and the immature 
young form a very large portion of the food-supply of animals. 

The ova and the countless young fishes which frequent the rivers, lakes, and seas yield a practically unlimited 
food-supply for the finny tribes generally ; berries, nuts, and fruits form the chief sustenance of birds ; while seed- 
bearing and other grasses constitute the chief pabulum of the herbivora. 

The young of terrestrial animals bulk largely in the food of the carnivora. Man, as an omnivorous animal, eats 
fish, fowl, and the herbivora indiscriminately. He eats everything (the carnivora excepted), and it is impossible 
to indicate to what extent he benefits by the arrangement, as he layB not only the young, but the middle-aged, and 
even the old, under contribution. He draws his food-supply indirectly from spores, germs, seeds, and eggs, which, 
as explained, are enormously in excess of mere reproductive requirements. 

The fruits, seeds, and eggs are, in many cases, delicately flavoured and tempting. They consist of starches, 
albumen, proteids, &c, and contain, in many instances, the most delicious juices, as witness those of the apple, 
pine-apple, lemon, orange, loquat, peach, nectarine, grape, Ac. These no doubt are cultivated fruits, but the same 
holds true of wild fruits, as the raspberry, bramble, wild strawberry, &c. The cereals have each their particular 
flavours and properties. The cultivated fruits, as a rule, furnish a more delicate flavour, but in certain cases the 
wild flavour excels the cultivated one. 

Each individual seed is provided with its own pabulum, on which it subsists until it develops sufficiently to 
obtain other food. The seed is as dependent on its envelope, or food covering, as the individual is on the seed. 
The seed is, in a sense, at once the progenitor and support of the individual. 

The fact that all seeds are invested with a covering of food affords a crowning proof of design, as it means 
support to the seed itself and support to the organic kingdom as a whole, directly or indirectly. The exigencies 
of the seed, the individual, and the race are all provided for. Design is also manifested in the distribution of seeds. 
They are literally thrown broadcast, by the winds and waters, and by animals of all kinds. Insects take a prominent 
part in the fructification of plants, and birds and other animals carry seeds to great distances. The inorganic 
vol. 1. 
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and organic forces both contribute to the dissemination of seeds. These forces are directed and controlled in the 
operation. Nay more, the seeds, in many instances, are specially constructed to assist in the disseminating and 
distributing process. 

One of the best-known examples of a volant or flying seed is supplied by the goat's-beard. 

The goat's-beard (Pig. 81) forms a typical parachute which for elegance of design and efficiency cannot be sur- 
passed. It consists of an exquisite flattened disc slightly depressed in the centre ; the free margin being a little 
turned up. It is supported in every direction by tapering structures, which radiate from a central point at regular 
intervals (A). Between the radiating structures a most delicate network of vegetable fibres resembling the finest 
filigree work extends ; imparting to the whole a delicate, gauzy appearance which indicates extreme lightness and 
suggests the idea of notation or flight. The radiating supporting structures display very graceful double curves ; 
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— The goat's-beard (TVityulioytf vrattntit),n seen from above (A) and from the aide (B). 

A. Goat's -board from above. Shows the radiating supporting structures of the disc with a delicate network between. Enlarged. 

B. Goat's-beard from the side or in profile. Ill nut rates the parachute -nature of the goat's-beard. Natural siee. 
Drawn with special care from a fresh specimen in the Author's collection by C. Berjeau for the present work. 



those nearest the centre of the disc having their convexities directed upwards, those at the periphery or free margins 
having their convexities turned downwards (B). 

Depending from the centre of the disc is a vertical portion or shaft, which may not inaptly be compared to 
the stick or handle of an umbrella (B). This acta as a balancer, and so ensures the stability of the centre of gravity 
of the seed whatever the direction of the wind. A more perfect arrangement for the waftage of the seed by the 
wind to a distance cannot be conceived. As an example of " means to ends " it occupies a unique position, and 
the annals of botany will be searched in vain for a better example of design and the operation of a First Cause. 
Here we have an instance of a structure, made in advance for the discharge of a special function. The structure 
is in the highest degree striking, but the function to be discharged is by no means so obvious. The object of the 
structure is, no doubt, to provide a surface which shall enable the wind to seize and waft the seed about until it 
finds a suitable soil for planting itself. The seed is prepared for its flight by gradually becoming lighter as it ripens. 
The function performed by the seed is passive (if any function can be so designated}. The chief function is performed 
by the actively moving wind. We have a structure exercising, as it were, no function. The structure and the 
function, however, must be associated if any good is to result from the combination, and this can only be done by 
enlisting the co-operation of the wind, which is the moving power in the present case. There is a dual arrange' 
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ment. From the first it is intended that the seed of the goat's-beard shall be wafted about, and it is arranged that 
the wind shall be the propelling force. The arrangement is not an accidental but a designed one, and it is the 
employment of a structure in a new and apparently incongruous combination which stamps the act as one of 
design. The living seed is made the sport of the wind for a definite purpose. The seed cannot move of itself 
and the wind comes to its aid. The living seed is set in motion by the inanimate but not inactive wind. In other 
cases, the wind brings seeds from the same or neighbouring trees together. In certain instances insects and birds 
take part in the flotation and fructifying process. 

In the several cases referred to there is an arrangement whereby nature insures that the male and female 
elements of plants shall be made to meet and interpenetrate each other. The seeds must be able to fly by the aid 
of the wind ; or animals must discharge a function which in the absence of wind they alone can perform. Good 
examples of floating seeds are furnished by the dandelion and by the soft down of the Scotch and other thistles. 

Among trees the ash and plane-tree supply splendid examples of highly-organised, winged seeds. The winged 
seeds appear to me so important that I describe them separately, and devote a plate to their illustration (Plate xcvi., 
Figs. 1 and 4). 

PLATE XCVI 

Plate xcvi. illustrates the remarkable fact that certain winged seeds display many of the structural peculiarities 
of real wings. Thus the seeds of the ash-tree are twisted upon themselves propeller-fashion as in the wings of insects, 
birds, and bats ; while the seeds of the plane-tree are characterised by having a right and left wing with a body 
(the seed) between them. 

The wings of the plane-tree are triangular in shape, and taper from the body in a direction from within outwards 
and from before backwards. The nervures or stretchers of the winged seeds also radiate from the body of the seed 
from within outwards and from before backwards as in true wings. 

Fio. 1. — The seed of the ash-tree (Fraxinus excelsior). This seed is twisted in the direction of its length like the blade of the 
ordinary screw propeller employed in steamships. Its margins exhibit the doable figure-of-8 curves of the propeller in a 
marked manner, and show unmistakable evidence of community of structure (as far as outline is concerned) with the wing of the 
insect, bird, and bat, and with the chief wing feathers (primaries) of the bird. The seed of the ash is a winged seed, and the object 
of its screw configuration lies on the surface. It is intended to retard the fall of the seed, and so afford it an opportunity of being 
wafted by the wind to considerable distances where there is room to plant itself. It is most interesting to watch the shedding of 
the seeds of the ash-tree in the autumn. If there be no breeze they twirl round and round in a leisurely manner, and fall not far 
from the root of the parent tree. If, however, a stiffish breeze springs up, they are whisked away, in some instances, to quite 
remarkable distances. The same is true of the seed of the plane-tree, which is the most perfect example of a winged seed known. 

Various other examples of winged seeds might be cited, prominent among which are the thistle-down and goat's-beard, the 
latter forming a most elegant and perfect parachute, a, 6, Seeds of the ash-tree showing a twisted or spiral contour, the margins 
of each crossing screw-fashion ; c, similar seed from another point of view ; d, similar seed cut across near its attachment. Drawn 
from nature by the Author. 

Fio. 2. — The little auk (A])tenodytes minor, Linn.). Drawn for the Author from a living specimen by C. Berjeau. In this 
quaint bird the flying wings are dwarfed and employed as swimming and diving organs, with or without the feet. They are 
triangular in shape and graduated like other wings ; their small size ana want of feathers rendering them useless for flying in the 
air. They are flexible and elastic, but stiffer than ordinary wings ; a modification necessitated by the greater density of water as 
compared with air. They are made to vibrate like other wings, and twist and untwist during their action, and make figure-of-8, 
screw movements. The flight of the bird under water is astonishingly rapid and graceful, as the Author can testify from careful 
observation. The modified wings of the little auk furnish another example of design in flying structures generally in their relation 
to winged seeds. 

Fig. 3. — Wings of the kestrel (Falco tinnuncuhts), seen from above and from below and behind. The lettering is the same in 
both cases, a, b y c, Posterior margin of the wing, consisting of primary, secondary, and tertiary feathers ; d t *,/, anterior margin 
of the wing. 

The wing of the kestrel was drawn from the specimen while being held against the light, and shows how the primary, secondary, 
and tertiary leathers overlap and buttress and support each other in every direction. Each set of feathers has its coverts and sub- 
coverts ; the wing being conical in shape from within outwards and before backwards. The lower figure presents a spiral contour, 
and shows how it twists and untwists during its action. In certain positions it resembles the blade of an ordinary screw propeller 
as employed in steamships. Drawn from the natural wing by the Author. 

Fio. 4. — The seed of the plane-tree (Acer j^uda^platanus). This seed is remarkable in many ways : (a) as regards its weight ; 
(b) as regards its shape; (r) as regards its venation or nervures. It is a heavy double seed united in the middle, and provided 
with two very perfect wings, resembling in all respects the wings of insects, birds, and bats (compare with Figs. 2, 5, 6, 7, and 8). 
The wings have all the characteristics of genuine winjgs ; that is, they are triangular in shape, are elastic, and taper in two direc- 
tions, namely, from the root in the direction of the tip, and from the anterior margin in the direction of the posterior margin. 
They have a thick, semi-rigid anterior margin (a) and a thin, flexible, posterior margin (<•), and the venation or wing-supports curve 
outwards and backwards as in all the * ings described. It would be difficult to produce a more perfect example of design and type 
in nature than is afforded by this winged seed. It shows that types are not confined to any one division of the organic kingdom, 
and that the First Cause employs the same or similar means to produce like results. Drawn from nature by the Author, for the 
present work. 

Fio. 5. — The bat ( VespertUio murinus). In the bat, the peculiarities of the wing of the insect and bird are repeated. Thus, the 
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wing is triangular in shape, concavo-convex, and elastic throughout. It tapers from the root towards the tip, and from the 
anterior towards the posterior margin. It is thickest, strongest, and most rigid at the root and along the anterior margin (a), 
and thinnest, weakest, and most elastic along the posterior margin (6). It presents a continuous membrane to the air during 
both the up and down strokes, as in the insect ; it, however, partially closes or folds during the up stroke and fully expands during 
the down stroke, as in the bird. The wing consists of muscles, bones, and a continuous elastic membrane which is supported by 
the bones of the arm, fore-arm, and hand, and by the bones of the thigh, leg, and tail. It is a most elegantly constructed, 
serviceable wing ; the bats being splendid flyers. Drawn for the present work by C. Berjeau, from a specimen in the Author's 
collection. 

Fig. 6. — The humming-bird (Arrumlia fuscocaudatay Displays a most dainty, exquisitely- formed, concavo-convex wing, com- 
posed of bones, muscles, and feathers, the latter radiating in an outward and backward direction. The feathers which take part 
in flight are divided into primary or rowing feathers (tip of wing), secondaries (middle portion of wing), and tertiaries (root of 
wing). The wing resembles in all respects that of the insect, with this difference, that the primary, secondary, and tertiary 
feathers open up and separate during flexion and the up stroke, and close during extension and the down stroke. The wing of 
the insect, and also that of the bat, presents a continuous, unbroken surface during both the up and down strokes, a, Semi rigid 
anterior margin tapering from root to tip of wing ; 6, posterior, thin, elastic, yielding margin of wing formed by the free ends of 
the primary, secondary, and tertiary feathers. Drawn for the present w ork by 0. Berjeau from a specimen in the Author's private 
collection. 

Fig. 7. — The cicada (Cicada septtmdecim). This is one of the best flying insects ; its body being compact and finely formed, and 
its wings, which are four in number, being ample, long, and somewhat narrow. The body and wings are carefully adapted to each 
other, and the spectator is impressed with the idea of fitness in the general arrangements. The wings are beautifully transparent, 
and the venation nervures or supports of the wings radiate in an outward and backward direction, and are connected by transverse 
nervures which produce an open network. The nervures forming the anterior margins of the front wings are finely graduated, 
and taper from the root in the direction of the tips of the wings. The wings of the cicada may be regarded as typical wing struc- 
tures. It is a curious circumstance that the winged seed of the plane-tree greatly resembles them, both as regards general 
contour and venation. Drawn for the present work by C. Berjeau, from a specimen in the Author's collection. 

Fig. 8. — The red-legged partridge (Perdrix rubra), with the wings fully extended as in rapid flight. Shows the deeply concave 
form of the wings, how the primary and secondary feathers overlap and support each other during extension, and how the anterior 
or thick margins of the wings are directed upwards as in the kite. The wings in the partridge are wielded with immense velocity 
and power, and this is necessary because of their small size when compared with the great size and u eight of the body. From a 
photograph taken by the Author in 1867, and drawn with great care by C. Berjeau during the same year. 

It may appear far-fetched, but there is a more or less direct connection between the distribution of seeds and 
the migration of animals, especially of birds. This connection is most perceptible in the case of well-formed winged 
seeds, and such as are furnished with appliances which permit the wind to lay hold of them when falling and to 
carry them to considerable distances from where they were originally grown. Nature has provided quite a large 
number of plants with a distinct mode of dissemination. 

The most outstanding examples of winged seeds, as indicated, are provided by the ash-tree and plane-tree, both 
of which structurally greatly resemble certain wings. Thus the seed of the ash is twisted upon itself in the direc- 
tion of its length, propeller-fashion ; while the seed of the plane-tree is scarcely distinguishable from any of the 
volant wings. 

The seeds of the ash and plane-tree, especially the latter, reveal a most unlooked-for resemblance between wings 
which are intended to vibrate and sustain volant animals in the air, and wings which are not intended to flutter, 
but only to act as parachutes and delay the rapidity of the fall of the flying bodies. In the one case, the flight is 
active and is due to inherent muscular powers ; in the other, it is passive and is traceable to the action of the wind 
— this causing the winged seeds to gyrate in their descent and to be carried, in some instances, long distances before 
they reach the ground. 

The resemblances between winged seeds and real wings afford another outstanding example of type, and 
design as revealed by type, which is everywhere met with in the organic kingdom. Type, which in one sense is 
another name for general plan, while it finds its most striking examples in the organic kingdom, is not confined to 
that kingdom. On the contrary, it goes further and deeper. It includes the inorganic kingdom also. This is 
seen in the structure of crystals, dendrites, basaltic rocks, &c. In the organic kingdom the types or examples of 
a general plan are increased in number, but they all tell the same tale, namely, the story of premeditation 
and design. 

The winged seeds are to be regarded as the homologues or precursors of true wings. 

As indicating the persistence of type or general plan it should be stated that there were wing structures in early 
geologic times, and that several of the extinct reptiles (Pterodactyls) flew, as proved by their fossil remains. The 
winged type of structures is very ancient, and the fact that it has persisted to the present day shows very clearly 
that it is no chance product, but rather a part, and a leading part, of the great subject of locomotion, on which the 
majority of animals, and not a few plants, depend for their food-supply. 
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